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PREFACE TO THE SECOND EDITION 


Since the publication of the first edition of this work in 1940, marked 
advances have been made in the subject by numerous investigators in 
many countries. The increase in interest in this field of microbiologj’ 
w hich has thus been demonstrated and the wide range of the researches 
which have been carried on supply abundant proof of the recognition of 
the potential importance of fermentations and related processes in indus- 
trial biochemical operations. In this edition we have tried to keep pace 
with this gratifying extension of knowledge and to ^c^^ew it non in a form 
which may be useful to students of this branch of tcchnolog>' and to 
those concerned uith research or technical application therein. 

The inclusion of all this new material has made it desirable to revise 
and consolidate much of the earlier material and to present in the tables 
relating to production statistics, fermentation products, etc., the latest 
available data. The chapters on yeast have been rewritten into a single 
chapter and expanded by much new material on food and fodder yeasts, 
nboflavin production, and discussion of methods of operation industrially 

Five new chapters have been added, giving extended descriptions of 
new processes of saccharification, recent work on yeast production and 
yeast products, the production and properties of 2,3-hutanediol, the ita- 
conic and related fermentations, and comprehensive di'seussion of anti- 
biotics. All these have been prepared with special reference to industrial 
applications and the possibilities of future developments. 

Tlic revision of a book in a field showing such rapid development has 
of necessity increased tlic volume of material greatly, in this case about 
50 i>cr cent. There were GO illustrations in the first edition, and the 
present volume contains 124 

Grateful acknowledgment is made to the many authors and pub- 
lishers who have kindly permitted use of quoted material, photographs, 
cuts, and tables. 

We extend our thanks to the editors and publishers of scientific 
joumah from which reproductions have been made, particularly to 
Dr. Walter J. Murphy, Editor of /ndustnafourf Kngitirmng Chcmtslry; 
the Williams and Wilkins Company, publNhcrs of the Journal of /?nc- 
tenology; Dr. R. A. Boltomley, Managing Editor, Cereal Chemistry; 
Dr. Philip P. Gray, WnHcrstem l^iioratorios; Dr P E \eleon, Dlitor 
of the Journal of Dairy Sarucc; and others. Wc are happy to acknowl- 
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y'l 

edge the help received from various branches of the United States 
Department of Agriculture — from Dr. Kenneth Raper, Dr. Moyer, 
Dr. Lockwood, and their associates of the Fermentation Division, North- 
ern Regional Research Laboratory; from Dr. Harry Humfeld and others 
of the Western Regional Research Laboratory; from Dr. Morrison 
Rogosa, Bureau of Dairy Industry; from Dr. Edward G. Locke and Dr. 
Jerome F. Saeman of the Forest Service; and from Drs. Ivan D. Jones 
and John T. Etchells, Raleigh, N. C. We wish to thank our Canadian 
friends, especially Dr. G. A. Ledmgham and his associates of the National 
Research Council of Canada and Dr. Katznclson and hfs collabor.ators of 
the Canada Department of Agriculture for the large amount of informa- 
tion supplied concerning the 2,3-butanedioI fermentation. We are 
indebted to our colleagues in other colleges and universities — to Dr. L. A. 
Underkofler, Iowa State College, for making suggestions concerning the 
Chapter on "Saccharifying Agents: Methods of Production and Uses’’; 
to Drs. M. J. Johnson, J. J. Stefaniak, and their as.sociotcs of the Uni- 
versity of Wisconsin; to Drs. W, V. Cnicss and Emil Mrak and their 
colleagues of the University of California; to Dr. F. W. Fabian, Michigan 
State College; to Dr. Carl C. Lindcgren of Southern Jliinois University; 
to Dr. Solman A. Waksman of the New Jereey Agricultural E.vperiment 
Station; and to Dr. Carl F. Con, Washington University. We uish to 
thank our friends in industry' — Merck and Company; Drs. Paul Kolachov 
and G. W. Packowski of Joseph E. Seagram & Sons, Inc.; Drs. H. Kothe 
and F. R. Snift, The Flcischmann Laboratories; Dr. George A. Jeffreys of 
the Jeffreys Research & Development Co. ; Dr. A. R. Stanley of Com- 
mercial Solvents Co.; Dr. T. H. M. Taylor, formerly of the Cutter 
Laboratories; Dr. E. 0. Ericsson, Puget Sound Pulp and Timber Co.; 
Schock, Gusmer & Co., Inc.; and the Calvert Distilling Co. — for supply- 
ing photographs or other illustrative material. We thank Prof. WJjJiam 
L. Campbell, Head of the Department of Food Technology, and our other 
colleagues for their helpfulness. We wish to express our especial thanks 
and appreciation to Mrs. Cecil G. Dunn who painstakingly read the 
manuscript and the galley proofs and made many valuable suggestions. 
We wsh to thank Miss Anita Frey and Miss Virginia Pochetti for their 
help in typing the manuscript. 

Samuel C. Prescott 

Cecil, G. Dunn 

CAAfBRIDQE, HIaSS. 

July, 1949 
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For hundreds or even thousands of years mankind has practiced 
domestic arts in which microbes are the invisible but active agencies of 
desired change. Wine making, vinegar production, breuing, and the 
making of leavened bread ^Yerc processes known to ancient peoples. 
Even when some of these processes became established on a larger scale 
the success was still somewhat dependent on chance and the combination 
of fortuitous circumstances with a degree of skill bom of experience. 
Not until less than a hundred years ago was there anj' scientific apprecia- 
tion of the real part microbes play in the transformations of organic 
matter. 

Industrial microbiology is one of the important outgrowths of those 
fundamental researches conducted by Pasteur which have made his 
name the most highly revered in the "hole realm of microbiologj*. 
Although his preeminence has been especially recognized in another field 
of microbic investigation "hich has greatly promoted man’s welfare, the 
bacteriology of infectious disease, it should not be forgotten that his first 
studies were in fermentation and were conducted in aid of industries, 
lie may thus especially bo regarded as the founder of industrial micro- 
biologj' as well as of medical bactcriolc^ and immunologj*. Although 
the development of industrial microbiolog>* was slow during the quarter 
century follo\s'ing Pasteur's work, a few outstanding contributions, such 
a.s tho^c of E. C. Hanson, Jorgensen, Lafar, Delbrtick, Duclaux, Lmdncr, 
and others, added materially to the subject l>cfore the opening of tlie 
prc'cnt centurj’ Since that time, development has been much more 
rapid, and industrial microbiology has now become a large and "idcly 
recognized field of study and practical application. In 1890 the “^nior 
author organized in the Biological Department at the Mn.ssachu'mtts 
Institute of Technologj’ the first course of classroom instruction in indus- 
trial biologj’ given in America Of relatively small scope at the begin- 
ning, the course ha-s liccn expanded from time to time as the subject has 
grown In importance, and the present relatwl and parallel courses in indus- 
trial microhiologj' and food tcchnolog>' arc outgrowths of its development. 

The authors have prepared the present volume, behoving that a 
comprehensive work in KnghsJj dealing with this tuhjecl and pre‘s^nting 
both theoretical and practical aspects of fermentation would Ik* useful. 
\Miethcr used pnmanly as a text for fairly advanced htudents or as a work 
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involved but also with reference to the raw materials and production 
methods that may be employed and to the biochemistry of the reactions 
catalyzed by the microbes. 

The work has attempted to present the subject in a unified way, 
although it divides somewhat naturally into four parts, the first three 
dealing, respectively, wth the biochemical activities of yeasts, of bacteria, 
and of molds. Within each of these three classes of microorganisms with 
their extremely numerous and vaned groups and species are found rela- 
tively few types having marked activity as causative agents of fermenta- 
tion, but these are important since they represent types which probably 
can be employed economically and in large-scale operations. The last 
part of the book deals with specialized actudties of microorganisms and 
some higher types of organisms m relation to undesirable changes pro- 
duced in textile fibers, in wood itself, and in structures built of wood. 
Two appendices treat briefly of subjects useful to the industrial micro- 
biologist. The first deals Mith the control of microbes by the use of 
germicides, and the principles of testing disinfectants, and the second 
with the treatment and disposal of industnal microbiological wastes. 

At the end of each chapter, references arc given, in order that the 
student who desires may continue his study of the subject by consulting 
original papers. The subject lias now* become so voluminous that it is 
impossible to present complete bibliographic.^, and although the references 
presented arc regarded as the most useful for the student, it may bo that 
numerous important publications have not been mentioned here. 

The authors wish most gratefully to acknowledge their indebtedness 
to many who have assisted m the preparation of this book by permission 
to use tables, plates, and other illustrative material, and to others who 
have aided by the careful reading of some of the chapters. Special thanks 
arc due Prof. W. II. Peterson and his associate.s at the University of 
Wisconsin; to Prof. C. II. Workman and his colleagues at Iowa State 
College; to Drs II. S. Knight, O. E. May, H. T. Herrick, A J. Moyer, 
U. B. Lockwood, and their associates in the U.S Department of Agricul- 
ture; to Dr. W. Y. Crucss of the University of California; and to the 
editors of various journals, e^jpccially Dr. L V Burton and II E IIowc, 

M ho have kindly given pcnTus.«iion to use tables and figures. The authors 
arc mo>.l appreciative of the kindnofl of Drs. G. B SippelandW. C Tobio 
for their careful reading of tlie chapter on Brewing and the section on 
Hum Manufacture, respectively. Others to whom the authors wi^h to 
express gratitude are Dr. J. W, Lawnc of the Jos. Schlitz Brewing Com- 
pany, Dr C X Frey of the ncischmann Uaijoralorics. Dr. G. 0. Lines 
of the Commercial Solvents Corporation, Dr. H. Schwarz of Schwarz 
Laboratories, and to their European fellow workers, Dr J lOuyvcr, 
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Dr. A. Guilliermond, Dr. 0. Wingc, Dr, 0. Meyerhof, Dr. H. Raistrick, 
Dr. C. G. Anderson, and Dr. Marjory Stephenson, for their friendly 
cooperation in supplying photographs, tabular material, and other data. 
Finally, the authors aclcnowledge with thanks the cooperation of their 
departmental colleagues, of Mrs. Cecil G. Dunn, who has made many 
suggestions and given unlimited cooperation in reading the proofs, and of 
Miss Janet Hartn'eH, who has rendered exceptional service in the prep- 
aration of the manuscript. 

Samuel C. Prescott 
Cecil G . Dunn 

Cambridge, Mass. 

May, 1940 
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CHAPTER I 
INTRODUCTION 


Industrial microbiology is that portion of microbiological science 
which deals with the possible utilization of microorganisms m industrial 
processes, or in processes in which their activities may become of indu^!- 
trial or technical significance. Obviously the term "microbiology" in 
its broadest sense comprises that division of biological science uldch 
treats of the e.Ntremely small organisms of both plant and animal nature** 
that Sedillot in 1878 grouped together under the inclusive term 
"microbes ” Although tliis word is now often used synonj'mou.sly with 
bacteria it is not so limited, since within its field may actually be included 
all types of verj’ small living things, such as the protozoa, spirochetes, 
and minute parasitic worms, as well as those low types of fungi commonly 
spoken of as the "yeasts" and "ycast-Iike organisms," the somewhat 
indefinite group called "molds," and the extremely numerous and wide- 
spread group of the bacteria. Tlic modern general use of the term 
"protozoology,” whicli lias resulted from the many careful studies of the 
lowest group of animal organisms, has to a great extent in recent years 
transferred the interest and extended descriptions of many of the t>T)cs 
of the animal group of Prolosoa from the general field of microbiology to 
this more specialized domain of study. A modem tendency apparently 
is to confine the term "microbiology” largely to organisms that fall 
Within the realm of the lowest groups of botanical or plant life. It is 
m this sense that the word is used in this book. 

For several decades it has been known that numerous kinds of yeasts, 
molds and other low fungi, and several types or groups of bacteria have 
direct relation, cither favorable or unfavorable, to certain types of eco- 
nomic proccs.'*cs carried out in connection with industrial or factorj’ oper- 
ations such as brewing, wine making, chccsc making, etc., which have 
grown up from small-scale or family arts. Knowledge in this field has 
greatly extended in recent years, as research m many countries and in 
many lines has l>een carried out. Tlie scale of operations lias greatly 
cnlargtxl and concentrated in manufacturing plants Industries have 
replaceii hou«ehold arts. The«c changes hax’e made it evident that 
industrial microhiologj’ is not onlj* an cxceeilingly interesting hranch of 
study but that it has already liceomc a distinctly important bninch of 
appUiHi science, and one with even greater potentialities 
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such as amylases and proteases, or vrith the preservation or protection 
of wood and the processes of commercial disinfection, wherein the appli- 
cation of suitable chemicals to restrain or prevent fungus, bacterial, or 
enzyme activity on walls and floors or on materials undergoing processing 
in the mill or manufacturing plant may make the difference between 
success and failure of operation. 

The production of sera, vaccines, and other therapeutic agents com- 
mercially, although generally regarded as in the field of public health or 
medicine, and hence not here treated, might in reality be considered ns a 
group of processes in industrial biology. It has seemed best to omit 
these processes in this volume, and also not to include the study of soil 
microbiology, the use of nitrogen-fixing bacteria, and the study of the 
phytopathology of economic crop plants, use of disinfectant or inhibitive 
sprays, etc. Although all these aspects of microbiology are extremely 
important in agriculture and therefore constitute a part of economic 
microbiology, they do not fall within the limits of this work. 

In the present volume, industrial microbiologj' will be regarded 
essentially as the science and art of investigating and controlling technical 
fermentations, that is, of using microoiganisms as reagents to produce 
desirable end products having possible or well-defined industrial uses and 
applications. Obviously, conditions in nluch lo'^es due to contamina- 
tions or i\holesalc microbic infection affect manufacturing operations 
must enter into the subject matter. Although all the minute details of 
particular industries cannot l>e dealt with in a text of this scope, an 
attempt is made to present the principles and the general methods of 
operation. In addition to the consideration of the organisms and bio- 
chemical reactions concerned in the better-known industrial fermentations 
now in use, a few fermentations of present tlicorctical interest but perhaps 
potentially capable of tcchntc.al development are also discusscxl. 

It is important not to make loo broad assumptions regarding industrial 
U'^s of microbes and to keep in mind the special qualifications which 
must 1)0 possessed by organisms in order that they may Ik? economically 
utilized in the direct industrial prothiclion of materials liaving ilistincl 
commercial value. Obviously the numlwr of .species having this ^ aluahic 
properly must be limited Tlie indiisinally important microbes may Ik* 
cliaracterizcKl as having at least three outstanding qualities- 

1. Tlic ability to grow rapidly in suitable organic substrates and to Ik* 
easily cultivated in large quantity 

2 The ability to maintain pby.siological constancy under tbe*-e con- 
ditions and to produce the ncce*-.‘«ary* enzj'mes readily and profusely, in 
order to bring about (be desirctl cbeinieal cb.snges. 

3 The ability to carrj- out these transformations under comparatively 
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Stance cannot be too much stressed in some instances. Some of the 
apparent differences in results obtained in research in different labora- 
tories ndth the supposedly same strain of organism may disappear when 
conditions of culture and the chemical composition of the media become 
e.xactly or essentially the same. It is, however, probably impossible to 
maintain perfect lack of variation over long periods. 

Although some differences are only apparent ones, frequently true 
biologic variations exist in strains Too much work has been carried 
out by responsible laboratories to leave any doubt as to this fact. For 
example, some strains of a microorganism apparently require added 
growth-accessory substances, while other strains require none; some 
strains of Aspergillus niger arc stimulated bj' iron and zinc salts, others 
receive no apparent stimulation from these salts. 

Fermentation. — From the biochemical standpoint, fermentation is 
the name given to the general class of chemical changes or decompositions 
produced in organic substrates through the activit}' of living micro- 
organisms. Thus there may be many kinds of fermentation falling within 
this category depending on the type of organism involved, the type of 
substrate, or even the conditions Imposed, such as pH, or oxygen supply. 
The word “fermentation” is a term that has undergone numerous changes 
in meaning during the past hundred years. According to the derivation 
of the term, it signifies merely a gentle bubbling or “boiling” condition, 
and the term was first applied wJjcn the only known reaction of this kind 
was in the production of wine. Even then no knowledge e.\i&tcd ns to 
the cause. Thus in an active ethyl alcohol fermentation, as in a unno 
or cider fermentation, carbon dioxide is always liberated in the form 
of bubbles of gas, which at the licigbt of the reaction may cause a marked 
agitation or movement of the liquid medium, especially in a large vat or 
tank, sufficient to give to it the appearance of a boiling liquid Tliis 
interpretation of the word wa.s the accepted one for several thousand 
yeans. After Goy-Lus‘'3C studied the process the mcaninf' uas changed 
to signify the breakdown of sugar into alcohol and carlion dioxide. With 
the iiicre.a.'ic in knowledge following Pasteur's researches as to the cauxe 
of this change in the nature of the matcnal fermenting, the word bocamo 
n.ssoeiatcd with microorganisms and siiJI later with enzymes, which are 
the biologic.ally produce<l reagents by which microbes work. For a long 
time fermentation was c«pocia|]y ns.vociatcd with c-arbohydrates and, 
ind(v<l, IS often so considered at present, but a broader conception of 
Um'sc biologic re.ictjons scorns to l«? more logical 'llius putrefaction and 
the breakdown of fats by microlies arc to be reganleil ns f-jiccial kinds of 
feniwntatioiw 

Although fermentation is fn^qucntly or even generally associated w ith 
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outside the cell, such as the proteins, starches, and fats of food materials, 
giving rise to soluble derivatives and so making it possible for the products 
of their activity to be absorbed through the cell membrane. Energy 
liberated by the enzyme action outside the cell is of comparatively little 
value to the cell. In general it is found that exocnzymcs liberate rela- 
tively little energy, as heat, especially in the most commonly produced 
hydrolji,ic processes. 

The endoenzymcs elaborated and retained within the li\nng cell, on 
the other hand, behave quite differently. The food substances, ha\ing 
been absorbed into the cell, may be further transformed and broken down 
by the action of the endoenzymes, and this process is accompanied by the 
liberation of relatively large amounts of energy, this energ>' being availa- 
ble to the cell. 

The microorganisms of fermentation are notable for their ability to 
produce enzymes of both these classes. Molds, yeasts, and bacteria can 
secrete or elaborate a wide variety of cnzjmes, possibly of a greater range 
than any other single cells, since all the functions of grouth, reproduction, 
digestion, assimilation, etc., that are distributed among the vanous tissues 
and organs of higher plants and animals seem here to be concentrated in 
the single minute cell. This may explain why it is that, in these low 
groups of extremely small plants which are essentially unicellular in 
structure, wc find a higher degree of enzyme producti\’ity and of fermenta- 
tive capacity than is exhibited elsewhere in the world of living things. 

Tlic enzymes arc therefore the reactive substances or catalyzers that 
microorganisms employ in bringing about the specific changes or fermenta- 
tions tliat are characteristic of different species or groups of microbes 
One can visualize each strain, species, or genus ns having its own arma- 
menLanum of enzymes or its own peculiar ability to secrete them In 
this individiml potentiality may lie one of the factors that account for 
iJie variations in .strains mentioned earlier in this chapter 
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unlike in their ability to catalyze fermentation processes having some of 
the same end products. The “true” yeasts and some other budding 
fungi nearly related to them are the organisms that most commonly 
produce ethyl alcohol, and because of this fact it is often stated that the 
yeasts arc the microorganisms of alcoholic fermentation, but there are 
many budding fungi, classified in groups or families morphologically very 
similar to yeasts, that apparently have no ability to produce ethyl 
alcoholic fermentation or any other with large quantities of a particular 
end product. On the other hand there are a few fungi, somewhat higher 
in the scale of organization than yeasts, that can produce ethyl alcohol 
under certain conditions of substrate, pH, relation to oxygen, etc. Even 
a very small number of species of bacteria can produce alcohol. These 
are unusual cases but apparently demonstrate the great versatilitj' of the 
low colorless plants in developing their enzjTne systems. In general, 
the molds that have marked fermentation power are producers of organic 
acids and of products of protein decomposition Similarly, the ferment- 
ing types of bacteria commonly give rise to organic acids, frequently 
different from the acids produced by molds, and to higher alcohols than 
ethyl. It cannot be assumed that all species of microorganisms belonging 
to the three groups that have been mentioned as constituting the micro- 
organisms of fermentation actually have marked ability in this respect 
It would be more nearly correct to say that the significant fermentation 
organisms represent a minority of all the organisms so classed. 

Energy Value of Substances. — Tlic substances acted on by micro- 
organisms present a dual role, the first as a food, the second as a material 
to be transformed through the action of enzymes tliat liavo been pro- 
duced in excess of nutritional requirements In general, llie energy value 
of a substance, such as glucose, depends on the degree of oxidizability it 
can undergo. In the complete oxidation of gluco'-c. as m burning, con- 
siderable energy is evolved This is also true in the breakdown by aerobic- 
organisms, A\hilc in the anaerobic breakdown of this sugar only a fraction 
of the potential energy is liberated. Consequently, in order to obtain 
an equivalent amount of energy’, several times as much glucose must bo 
broken down under anaerobic conditions as would be required under 
aerobic conditions. 

The breakdown of nutrients in fermentation is not merely expressed 
in the evolution of heat but is m early stages at lea'll nlw ays accompanied 
by dhision of new cells. For example, in the manufacture of comprcs.’s^l 
yca-st, the nutrient metlium is supplied not only with organic foo<l but abo 
with a very’ large amount of air Aerobic oxidation'* are favored and 
under sucli conditions, along with the fulfillment of nitrogen and phos- 
phate requirements. pH control, and the cmployTnent of a low concen- 
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CHAPTER II 
THE YEASTS 

The yeasts and other yeast-Hke organisms, often grouped together 
under the name Blastomycetcs or “budding fungi,” belong to the sub- 
di\nsion of the thallophytes designated as the Eumycctcs, or true fungi, 
since they possess no chlorophyll. All the organisms here grouped arc 
unicellular plants of microscopic size and widely distributed in nature, 
and they occur especially in the top layers of the soil, in dust, and on the 
f niits and Ie<aves of many plants The grape, apple, pear, and many other 
fruits have these organisms almost constantly present, and the soil of 
orchards and vineyards where the microbes live over the winter is particu- 
larly well populated with yeast cells. Distribution is easily clTcctcd by 
wind and on the bodies of bees, wasps, and other insects. 

The budding fungi may be separated into two rather unequal divisions, 
the spore-forming (sporogenous) or true yeasts represented by the family 
Endomycctnccae {Saccharomycctaccae), and the nonsporing (a«porogenous) 
p«cudo or false yeasts, which arc represented by the famihe^ Rhodo- 
torxdaccaf, Tomlojisxdaccac, and Ncclaromycttnccac The true 3'ca.st8 
include about 17 genera and a large number of so-called “species,” many 
of which in turn show numerous slightly dilTerent strains or “typos ” 
Although most taxonomists arc in agreement as to the mam groups, 
definite classification into genera and species is cxtemallj' difficult and 
unsatisfactorj’ from the botanical standpoint. Industnally, however, the 
one genus Sacch.aromyccs is of outstanding interest, as most j’casls having 
anj' tcchmc.al uses belong herein. 

The yeasts grow most luxuriantly in solutions containing sugar and 
the other nccc>sar3' food requirements. In a fluid nutrient mcxiium the 
cells ordinarily occur singly or in twos or threes or attached to one 
another in small dusters tliat arc actually groups of cells of difTerent 
gcncmlions, as a result of the charactcn-tic method of vegetative incre.'w 
by budding. On agitation, these groups Itreak apart, and mo-t of tlio 
cells eventually i«eUlo to the bottom of the container ns Fcdimcntarj- 
cells. If the culture medium n*mams undl^turbe^^, islands of cells or 
films of greater or less complexity max* appear on tlie surface. Some- 
times lhc‘=c superficial cells may nppc.ar ns chains or filaments of cells, 
resembling h.xTihae, and often with a number of em-aller cells budded off 
II 
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at the nodes. Some true yeasts, such as those of the genus Endomyces, 
may form a true mycelium or mass of cells. On favorable solid media, 
compact colonies are produced, varying in size and surface markings 
according to the nature of the substrate and the age of the colony. 

Shapes of Cells.-— The individual yeast cells are usually spherical, 
ovoid, or ellipsoid in form. Broadly egg-shaped and elongated sausage- 
shaped cells may be produced characteristically by certain yeasts, 
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nevertheless, the shape of the active cell is not an c.xact means of species 
identification, nor is variety in form in the same culture a proof of con- 
tamination. Yeasts possess no flagella, and consequently the indivj 
cells are nonmotile. The accompanying figure illustrates a few o t e 
different types of yeast that occur in nature. 

Size. — Yeast cells may vary considerably in dimensions, depen mg^ 
on the species, nutrition, age, and other factors. The ceii may vary 
from 1 to 5 or more microns in width and from 1 to 10 or more microns 
in length. With the approximately spherical cells of industna yeas 
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diameter of 4 to 6 microns is probably a fair average, but great variations 
may occur even in the same culture. Most of the yeasts of extremely 
small size are of no present industrial importance except as they occur as 
contaminants. 

In general, yeast cells are much larger than bacterial cells and could 
not be mistaken for the latter when observed microscopically. There are 
exceptions, however; some large bacteria exceed in size the smallest 
known yeasts mentioned in the figures given. 

The Cell Wall. — A transparent permeable wall surrounds each cell or 
mass of protoplasmic material. The exact composition of the cell wall 
is not known. It is believed to be composed of “fungus cellulose,” which 
differs in its chemical character from the cellulose comple.xcs constituting 
the walls of green plants. The cell-wall membrane may be invisible or 
very thin in young cells but becomes thickened in old cells. 

Contents of the Cell. — The protoplasm appears microscopically as 
composed of a grayish, finely granular, semifluid mass. Presumably it 
is of albuminous material intimately mixed with a “cell sap” of ivaterwith 
organic materials and salts in solution. Within the protoplast there is a 
nucleus and one or more rounded structures known as “vacuoles,” winch 
were originally so called because they appeared as clear or empty spaces 
but are now known to be the seat of rcscr\'o foods and finely divided 
“mclQchromatic granules” or volutin The vacuoles are not conspicuous 
in very young cells hut appear prominently in mature or old cells, and 
their nature can be somewhat determined by special staining methods 
Generally a large vacuole is located near the nucleus, or there may ho 
two or even more with a general poLir location. The nucleus exists ns a 
small mass near the center of the cell and cannot generally he seen w ithout 
emplojnng a special staining procedure. Iron licmatoxylin is probably 
the licst stain for this purpose With this treatment the nucleus some- 
timc.s appears as a fairly comp.act body, but more often as a dilTn«c clii.ster 
of granules. The nucleus assumes an important role m reproduction. 
Wien budding t.akcs place the nucleus moves toward the pole, and a 
portion of thc'c granules (possibly half of them) migrates into the newly 
developing daughter cell. 

Within the J'cast cell protoplasm are numerous other Mih<lnnces or 
reserve materials m the form of droplets or granules, Fomc of winch are 
exceedingly complex in nature In old cultures, pnmo cells sometimes 
liccomo thick walled and much enlarged and den's’ll’ packe<l with the-K! 
receives Such cells arc sometimes calleil “dunihle” or “ihirative” 
cells, ns they MH’m to have uniiMiaJ resistance to adierv? conditions 

nie-e stored food>— including some enrhohydrates (not .“tareli), fats, 

or oils us refractilc droplets, and some granules suppos'd to l>o proteins — 
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In the case of Saccharomyces cerevisiae, there are believed to be t^\•o 
mating types, a and o. If two gametes of mating type o or two gametes 
of mating type a fuse, the zygote will contain the diploid number of 
chromosomes aa or aa. However, if the a type fuses with the a type, the 
resultant cell will be a legitimate diploid a/a (refer to Fig. 3). 

According to Lindegren, most bakers’ and brewers' yeasts (strains of 
S. cerevisiae) are illegitimately diploid. Illegitimate diploids usually 
form fewer viable ascospores * These homozygous illegitimate diploids 
arc fairly stable, more so than the heterozygous legitimate diploids, 
because they do not usually form ascospores and because they are homo- 
zygous. The legitimate diploids are stable ns long as they reproduce 
vegetativcly (by budding). However, sporulation may lead to a hetero- 
gamous mixture. Legitimate diploids produce 4 ascospores and occur 
commonly in nature. 

In the case of S. cerevisiae, haploid cells differ from diploid cells in 
several respects. In general, the haploid cells are smaller, rounder, and 
rather variable. Such cells do not usually sporulatc and when they do, 
the spores usually degenerate. The cells tend to grow in clusters. 
Colonics from such colls arc usually rough, small, and variable. Diploid 
cells arc generally larger and give rise to relatively large, smooth, and 
uniform colonies.' 

A zygote may be formed from the fusion of two ascospores (endo- 
spores), of an ascosporc and a vegetative haploid cell, or two vegotativo 
haploid cells, of two sister haploid cells, or mother and daughter haploid 
cells, etc. 

According to Lindegren, yeasts may be cl.assified into two groups on 
the basis of their sexual behavior. In the first group, ho places the 
genera Schtzosaccharomyccs, Zygosaccharomyccs, Zygopichia, Dcharyo^ 
myces, Nadsonxa, and Ncnialospora. The vegetative cells of species of 
these genera are luaploid Following nuclear fusion, the diploid stage 
C-xists for a brief time but is followed by mciosis. Tlie ascospores an' 
haploid and give rise to haploid cells In the second group, Lindegren 
places the genera Saccharomyces, Saccharomycodcs, and Jlanscnula. Here 
the vegetative cells arc diploid and the ascospores are haploid. Mcio^is 
takes place during sporulation Haploid vegetative cells, u.su.illy small 
and lacking vigor, maj* arise from haploid spores. Tlic'-c spores or 
vegetative cells formed from them may fu‘<o and produce diploid ccll<. 
which are vigorous. 

Tlie breeding of ye.'vsts has large possibilities Wingc and I^jiustscn 
produced a new- hybrid by hreetling together bakers’ yeast and Saccharo- 

'I.tsnronrv. r C , ffn-. . 9 (No^ 3 & t); IU-170 (1015) 
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4. Sporulation Stock Afedium. — Jfrafc, PhafT, and DougJas* have 
devised a medium which has produced good sporuiation within 1 week or 
less with several hundred yeast cultures and which serves also as an 
excellent stock-culture medium. This medium is prepared by grinding 
equal weights of washed and unpecled beets, carrots, cucumbers, and 
potatoes, mi.xing with a weight of water equal to the combined weights of 
the vegetables used, autoclaving the mixture for 10 min. at a pressure of 
10 lb. per sq. in., separating the solids from the extract by filtering through 
cheesecloth and applying some pressure, adding 2 per cent of agar to the 
c.xtract, distributing the infusion agar into culture tubes, sterilizing for 15 
min. at a steam pressure of 15 lb., and slanting. The pH of the extract is 
reported to be about 5 7 

5. PrespomJation Medium . — Lindcgrcn and Lmdegrcn* have reporterl 
the achievement of good results through the combined use of a presporu- 
lation medium and plaster of Paris slants, although the prcsporulation 
medium itself will produce cndosporcs if incubatetl for a few uccks. The 
prcsporulation medium dcviscil by Lindcgrcn and Lindegrcn contains the 


following ingredients 


Beet leaves cstract 

10 ml 

lieet roots extract 
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Apricot ]H!Co 
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Grape jiiice 
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Yeast (<lne*l) 

2b 

tilycerol 
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Till' medium ii steamed for 10 min. and then di'«tnbutcd into culture 
tuliort. llie tubes arc stcrihxcil for 20 mm. at 13 lb and roolotl in a 
slanlod position. If cndo'sporcs are doired within a ^ho^t time, the 
procetlure is as follows: Approximately I ml of stcnlc ivatcr ih pipcttc<l or 
pouro<l over the surface of a 3-<Iay growth of the yeast on the presponila- 
tioii medium. The tube is allowed to stand for 10 mm anti then a 
fiu«pcn''km of the yeast cells is made in the water Tin-* Mispon'Jion Is 
pil»etted to the upper portion of a pla.ster of Purls slant About 3 ml of 
sterile water, acidified to a pH of 4 with nretir and, are pipettetl onto the 
bottom of the slant. Tlic inoculate*! s)ant.s are ineubatcti at 25®C for 1 to 
2 rlavT? an<l then c.vamlncfl for endosporrs 
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10. Soil Extract Gelatin Medium. — This medium, developed by 
Niehaus (1932), is prepared by extracting 1,000 to 1,600 g. of garden soil 
with 1,000 ml. of water, by separating the solids from the extract by 
filtration, and by adding 15 per cent gelatin. 

11. Other Methods. — Various other methods have been used for 
inducing yeasts to sporulate. Sterilized sausages have been used by 
^telling-Dekker for sponilation of Dcbaryomyccs species. Endosporo 
formation may be occasionally induced in compressed yeast by storing it 
for G to 8 days in a refrigerator. Bcechwood chip«, soaked and sterilized, 
have been used by at least one investigator. Sugar solutions in shallow 
layers have been employed successfully. 

The Isolation of a Single Spore. — Wingc and Laustsen’ regard the one- 
spore culture as being the smalJcst biological unit in yeasts instead o( the 
single cell. 



Fio. 5 — Chamber u<ed m isolatins euigle epores. iVourUiSf 0 / Dr. 0 ITintfe. CarUt^rg 
l.ahoTalori/, Coptnhagtn.) 

Laustsen has developed a technique for isolating nil the spores of an 
n.scus and cultivating them. Ills mcllio<l is ns follow.s • Tlie yca'«t is 
caused to hponilatc by placing it on a pKastcr block and incubating it for at 
lea-st 30 hr. at room temperature. Using aseptic technique, a small 
drop of vort on a cover slip is inoculated with the spore material. The 
cover slip is tlicn placed on a special operating clbimbcr (Fig. 5). 

An a«cus Is selected and withdrawn from the droplet, uving a very fine 
glas.s netsllc. A small amount of wort naturally adheres to the ascii'« — 
more may lie readily added if desired. 

Tlic isolation (Fig. 0) is carried out by means of two spenal gl.sss 
nro<Ues. One necille, which has a point about 7 mirrons m diameter, is 

' Wivor, 0 , unit O. LiCKTstN, Compt wrnd tror Inb Carl%l.frg, .‘Hr phynnt , 22 
(No fiV no (1037) 
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Methods of Isolating Pure Cultures of Yeast. — In order to make sure 
that the culture isolated is pure and that it is not m reality a mixed 
culture of two morphologically related varieties of yeast or an undesira- 
ble combination of microorganisms, it is necessarj' to isolate single cells 
by special technique and to observe these cells during repioduction. 
Although there are several methods by which pure cultures may be 
isolated, the methods cited here will be restricted to the more important 
ones. Skill and patience are required in some of the methods of single- 
cell isolation. 

1. Maist-chamber Afelhod of Hansen .* — ^Thc chamber (Fig. 7) consists 
of a glass slide, a glass ring, and a cover slip i\ith numbered squares 
(usually IG) Tlic cover slip is attached to the ring bj' glass cement, 




1 to 7 — Mot^t cliamt>cr for Hanson method 


wax, or a vascline-wax mixture Before using the chamber, the com- 
ponent parts should be sterilized by flaming them carcfullj* 

The culture of yeast from «hich the single-cell i.solation is desired is 
diluted with sterile beer wort or water until a drop contains only a few 
cells A drop of the diluted culture is then placed in a lul>c of sterile 
melted wort gelatin, and the tube is thorouglily agitated to distnlmto the 
yeast colls uniformly throughout tlic medium. One drop of this medium 
is spread out on a glass slide, and, using the 100 X magniRcntion of a 
micro-cope, the slide is cxaminctl for the approximate number of cells 
If the number is satisfactory (20 or loss), a small drop of the liquid wort 
gelatin containing the cells is placed on the umlorside of the cover slip 
and spread thinly and uniformly over the numberctl square^ The 
chamlMT is placcil so that the gelatin rests in an even layer on the cover 
slip until it has solidifiwl. Aftcninnl the chaml>or is inverted, a drop 
of sterile water is placed on the slide to ensure a moist atmosphere in the 
chamber, and tlio ring is sealoil tightlj’ to the slide by means of va.scline 

' Joiuii NSKN. A . "I'rnrticsl M.inns«'nn‘nl i>f I*urr rt-Mvd by A nan«<“i>. 
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horizontal surface of a suitable nutrient agar or gelatin medium contained 
in an Erlenmeyer flask or a large bottle is inoculated at one point in the 
middle with the aid of an inoculating needle. Petri dishes may be used, 
but owing to their susceptibility to contamination, they must be wrapped 
with surgeon’s tape or packed in scaled containers to prevent contamina- 
tion Incubation is usuallj’ made for a period of 1 to 2 months at or 
near 20*0. The use of moist chambers aids in preventing the agar from 
shrinking prematurely. 

Identification of Yeasts. — Yeasts are identified on the basis of a 
large number of observations — morphological, physiological, biochemical, 
cultural, and others. The shape and size of the cell; the optimum, 
minimum, and ma\imum temperatures for budding, sporulation, and 
film formation; the copulation of cells; the morphological nature of the 
ascs and ascospores; the method in which ascosporcs germinate; the 
characteristic.^ of the sediment formed in wort; the appearance of colonies 
grown on various solid media; the characteristics of giant colonics; and 
the biochemic.'il characteristics, such as the action on \’arious sugars, arc 
home of the more important factors considered in identifjnDg an unknown 
yeast. For an intensive review of this subject the reader is referred to 
the works of Hansen, Lindner, Guilliermond, Tanner, Kufferath, and 
others, 

The Nutrition of Yeasts. — Yeasts, like bacteria and other forms of 
life, require certain food materials ami environmental conditions for 
proper grou th and reproduction. Some elements .arc basically ncccssarj' 
a.s for example, carbon, hydrogen, oxygen, nitrogen, pho«phorous, 
potaissium, sulphur, c.alcium, iron, and magnesium. There is accumulat- 
ing evidence which indicates that trace elements also play an important 
role in nutrition. Vitamins and/or other organic compounds arc required 
for tlic satijjfactorj’ development or functioning of most types of ycjusts. 
An adequate supply of water is essential for carrj’ing out their life 
nctiWtics. 

Carbon . — In considering sugars as carbon sourcas, one must lx; 
reminded tluat the ability of a yeast to assimilate a sugar may lx; quilc 
different from its ability to ferment the same sugar Likcu the ability 
to a.s.-«imd.atc a given compound varies with dificrent varieties of yeasts. 

Carbon may be supplied m the form of sug.ars, aldehydes, salts of wimc 
organic acids, glycerol, or ethanol. 

GuilUcnnond has state<l tliat impure malto«e is lx;st suitcxl to the 
metabolism of ycasts.‘ Sucrose, gluco^, fructose, and mflino'-e arc not so 
important from the vkm\ point of n-Mmilation, yet some of lhc*>e sugars are 

• OviuurnuoN*:), , "The Vc.isU,” lran«l»tcd by K. U*. Tanner, John Wiley A 
Sons, Inc , N'ew York, 1020 
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horizontal surface of a suitable nutrient agar or gelatin medium contained 
in an Erlenmeycr flask or a large bottle is inoculated at one point in the 
middle with the aid of an inoculating needle, Petri dishes may be used, 
but owing to their susceptibility to contamination, they must be wrapped 
with surgeon’s tape or packed in scaled containers to prevent contamina- 
tion. Incubation is usually made for a period of 1 to 2 months at or 
near 20°C. The use of moist chambers aids in preventing the agar from 
shrinking prematurely. 

Identification of Yeasts. — Yeasts are identified on the basis of a 
large number of obscn’ations — morphological, physiological, biochemical, 
cultural, and others. The shape and size of the cell; the optimum, 
minimum, and maximum temperatures for budding, sporulation, and 
film formation; the copulation of cells; the morphological nature of the 
uses and ascosporcs; the method in which ascospores germinate; the 
characteristics of the sediment formed in wort; the appearance of coIonie.s 
grown on various solid media; the charactcnstics of giant colonics; and 
the biochemical characteristics, such as the action on various sugars, ore 
home of the more important factors considered in identifying an unknoM n 
yeast. For an intensive review of this subject tlic reader is referred to 
the works of Hansen, Lindner, GuilHcrmond, Tanner, KuiTcrath, and 
others. 

The Nutrition of Yeasts. — Yeasts, like bacteria and other forms of 
life, require certain food materials and environmental conditions for 
proper grow th and reproduction. Some elements arc basically neccssarj' 
ns, for example, carbon, hydrogen, oxygen, nitrogen, phosphorous, 
potassium, sulphur, calcium, iron, and magnesium There is accumulat- 
ing evidence «hich indicates that trace elements nl^o play an important 
role in nutrition Vitamins and/or other oi^anic compound'? are required 
for the satisfactorj' development or functioning of mo-jt tj^pes of yeasts 
An adequate supply of water is essential for carrjdng out their life 
activities. 

Carhon . — In considering sugars a.s carbon sources, one mu«t lx* 
reminded that (he ability of a yeast to assimilate a sugar may Ik* quite 
ilifTcrcnt from its ability to ferment the same sugar. LikcwKe the ability 
to as.'imilale a given compound vanes with different varieties of yeasts. 

Carbon may be bupplied in the form of sugars, aldehydes, salts of some 
organic acids, glycerol, or ethanol 

GuilJicrmond li.as st.-itcd tliat impure nwllosc is l>est suiteil to the 
metaliohsm of yeasts * Sucrose, glucose, fructose, am! raflino-e are not so 
important from the view point of assimilation, yet some of these sugars are 

' tlvit-Ut nvoN'a, \ , "Tlic Yc.aats,” tnuisIatcJ by F \V Tanner, John Wilry A 
S>n«, Inc , Xrw ^ork. 11120 
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CHrNHj 

iooH 

Gljcine 


n H 

c— c 


HOC C 

H H 

IVrosjne 


CH.CIIXH, COOH 


In some instances only a fraction of the total nitrogen is utilized. 
Only about one-half (56 per cent) of the nitrogen of trj'ptophane and one- 
third (34 per cent) of the nitrogen of histidine are used, indicating that the 
alpha-amino group is attacked • 


ni 


r* K 


II H 

-C_C— C— COOH 


nc^ 

I 

HN 


H 11 

-C— C— COOH 
H iVII, 


I'lIifliHinr 


All amino acids except glycine exist in t«’o isomeric forms (the dextro 
and Icvo forms).' Yeasts appear to bo able to utilize the form of amino 
acid that occurs naturally in preference to the sjmthotic isomer; but will 
utilize both isomers of some amino acids, for example, the dextro and 
levo forms of aspartic and glutamic acids and asparagine. 

coNVEiisioN OF AMINO ACIDS TO .vLcoiioi-s. — EIiHich has shown that 
certain ammo aci<ls, namely, leucine, isolcucine, phenylalanine, tr^T^to- 
phane, and tjTosine, are converted to alcohols by yeasts. IIis work ha** 
been confirmed by Thorne. Tlie reaction is a hydrolj'tic deamination and 
dccarbovyl.ation. The amino group is hydrolyzed and the carboxyl group 
is decarbovylated in accortlancc mth the following general reaction 
n CHNH, COOH + HxO — It ClI^H + .\H, + CO, 

Ammo s'ld AI>^liol 


The reactions for tlio conversion of certain ammo acids to iilddidl' 
follow; 

CH, CII, 

CIIr-^H + n,0 Cllr-^n + Nir, + COi 

iiit ^ii. 

^H.vn, CHiOH 

^XK)H I 

Lriirin" alrobol 


«Br«r. D, mnd c K IIoRsrn. Wallrrttftn Lab* Communf.No 6: 5-23 (IP30) 
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Thorne‘ has sho^^■n that isobutyl alcohol may be formed from valme by 
yeast in accordance with the following reaction: 

CH, CIIi 

*^011 ciiNii, cooH + II.0 — \n ciu on + nii. + co, 
CH.^ cn,^ 

Valine Uobut}! alcohol 

The ammonia liberated by any of the foregoing reactions is available 
for utilization by yeasts The reactions explain the origin of some of the 
constituents of fusel oil, such as amyl alcohol, isoamyl alcohol, and iso- 
hutyl alcohol. 

EFFECT OF VITAMINS ON NITROGEN ASSIMILATION. — The ability Or tho 
inability of a given species of yeast to utilize a particular nitrogen source 
has been used as one means of classifying yeasts. Stelling-Dekker- 
cmploycd potassium nitrate in classifjing the sporogenous yeasts. Later, 
Lodder’ used additionally ammonium sulphate, asparagine, peptone, and 
urea as aids in tho classification of asporogenous yeasts. In order to 
determine the ability of the yeasts to utilize a particular nitrogen com- 
pound, she used a modification of the auxanograpliic method. A largo 
inoculum of yeast was employed to supply the growth-promoting sub- 
stances required. 

Lodder found that the majority of yeasts examined by her were able to 
utilize the nitrogen-containing compounds tested, but that all the species 
of Klocckcra and some of those of Toruhpsts were unable to utilize ammo- 
nium sulphate, asp-iragine, and urea. 

Studies of the assimilation of nitrogen compounds by species of 
Candida have led to contradictory results, particularly in respect to the 
utilization of ammonium sulphate, asparagine, peptone, and urea * * * 

Wickerham’ carried out tests with various species of yeasts rcputciilv 
unable to utilize ammonium sulphate, urea, and asparagine. lie demon- 

* TiionSK, It , Jour. In^l Prrtfinjf, 43; 2SS (I’lST) 

* STrLUVO-DrKKF.n, N’ M., D»e dps Cpntrn.ilhuroau voor Schim- 

mcl-culturM I TcjI Dio pporoRcnm Hrfcn, I’rrAandfl fComrill /Uad HVliwcAa;* 

Afdrrl Xaluurk , See. II, Docl 28: 1-517 (1931) 

’Ix>i>i)fn, J, Dio aiixi<ko<>i»n>Rcncn Hefon, Frsle Halfto, Vtrhandft. Kontnkl 
• Itrtd. llVfpnsfAap. Atnilerdam, AfJert Xatuurk , Soc 11, 32; 1-250 (1931) 

* L^vccuon, M niidl’. Gvkub\, Ann jMira»ttol hwmainc<f nmpnrir, 16: 102-179 
(193S). 

* DineEVs II A, nml J l/ounra. Die Ilefe^MninlunR dcs Ontrailli'irriTi \oor 
f^liimm<-1ctilture< II Toil. Die iina«ki>«poroRencn llrfm, Znrito II&Kte, N V 
XoririMfolKniNrhe fi(BeM'rsma‘i{«rfi.'i|»pi|. .VmMenMm. 1912 

‘Mvckivsov, J n , anilll C. Airr»oi\Em»-Ai.l.csi>r, ^our /larf . 49: 317-33.3 
(1915). 

’ Wii'KrHii I< J • Jowl" tioH , B3. (Xc» 3». 293 (1910) 
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review of the mineral metabolism of yeasts. Further careful research in 
this field should lead to a better understanding of the subject and practical 
improvements in the selection of media for growth, sporulation, and 
fermentation. 

Chemical and spectroscopic analj’scs of yeasts and the media m which 
they are grown furnish considerable valuable information regarding the 
indispensabihty of the elements. However, the mere fact that an ele- 
ment is found in the ash of yeast in small amounts does not establish its 
essentiality. 

The following table presents data concerning the composition of yeast 
ashes as determined by three different laboratories. 


Table 6 — Compositios* or Ye4st Asices^'* 


Ash constituent 

Top yens!* 

Bakers' veast‘ 

Bakers' yea.«l‘ 

PiO» 

52 3 

52 3 1 

54 5 

K,0 

1 35 4 

35 4 

1 36 5 

NaaO 

1 0 OG 

0 GO 

1 0 7 

MgO 

4 8 

4 8 

5 2 

CaO 

I 5G 

1 56 

! 4 

SiOi 

1 1 

I 1 

1 2 

so, 

! 0 41 


0 5 

Cl 



Trace 

TcO 

0 43 1 

0 34 

Trace 


'JoAlTH M A , t,ab4 , 4 (So tl) 49(1941) 

■ In ■■■ri-rntsce. 

•Ftruicii €<a: (102S) 

•lltLLSHdOSS) 

* (1930) 

A study of this tabic indicates that phosplionis and potassium are 
prevent in large amounts in yeast ash, compnsing about 90 per ( ent of the 
total elements. The elements magne-sium, calcium, silicon, scxluim, iron, 
and sulphur are present in considerably smaller quantities 

Pliovphorus is a particularly important element m the life prtwexves of 
yeasts It pl.ay.s a ver>' significant role in the proilurtion of ethyl alcohol 
from sugars a«, for example, in the formation of hexo'c and triove plios- 
phates It is a component of eoE 3 'mnvc and of coearboxylave (an aetivn- 
tor of the enzyme carboxylase). It is found in nucleic arid, in leeitliin. 
and in other components of the jt.*!*! rell 

Natural media and worts normally contain pufTicient of the inorganic 
dements for goo<l growth Ilonever. in studying the elT(“ct of a given 
clement or growth-promoting siilMnnee on growth or fermentation, it is 
in most caves es's-ntinl to know the rxart rompovition of the medium 
employi-d Ordinary chemical nnal>>is often faiN to reveal pufficient 
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ganese, aie of considerable importance. Elvehjem* demonstrated that 
bakers’ yeast will grow poorly in a medium low in iron and copper. These 
elements appear to be essential for the elaboration of cj'tochrome. Iron 
catalyzes respiration through the action of catalase, peroxidase, and 
cytochrome oxidases. According to Richards,* growth of yeast is 
stimulated when thallium is added to Williams' medium (20 g. of sucrose, 
3 g. of (NH 4 ) 2 S 04 , 2 g. of KH 2 PO 4 , 1.5 g. of asparagine, 0.25 g. of CaCh, 
and 0 25 g. of MgS 04 - 7 H 20 in 1 liter of distilled water). Edbacher is of 
the opinion that manganese activates yeast arginase. 

Further information concerning the mineral metabolism of yeasts and 
methods of studying the nutrition of yeasts will be found m the following 
paragraphs. 


Table 8 — So«e Semisyntiietic Mediv 


Substance 

Medium of 
De\crcuxnn»l 
Tanner,' emma 

Medium F of 
Fulmer and 
Kelson,* grams 

Medium of 
Mayer,* 
grams 

Sucrose 

10 0 

10 0 

15 0* 

Dcxtnn 


0 CO 


NlhCI 

0 12 

0 JS8 


KjlirOi 

0 Oo 

0 100 


KIIiPO, 



1 ^ ^ 

CaCh 

6 01 

0 100 


Ca,(PO,), 



0 1 

MrSO, 

0 02 


0 1 

Dutillcd water 

100 OOcc 

JOO 0 cc. 

100 Occ. 


‘ Dwtnirx, n D . »nd F W TANwen Jour Doti.. 14: 317 (1527) 

» FofinuU for incub#l:oa »t 30*C F W Tanner, D. DrvrnTUX. and F 'I Uiipn*. /eur Sad . 
11- 45 (102C1 

> CuiLLiERKo'tp, 4 , "The Uanslsted Bod rerurd br r W Titnner. Jolin lliler & Soni. 

Ine., New York, 1520 
*CBndied aucBr. 

Media. — Food materials are supplied to yeasts in the form of media 
(singular, medium) which contain all the essential matcriaN nece-v'yirj' 
for groMth, reproduction, or fermentation. Meilia may be synthetic, 
pemLsynthctic, or nons3'ntlictic in nature A sj'ntlietic medium is one 
in which the composition of all the ingredients is known. A semi- 
fcynthctic medium is one containing some con''titnents of known composi- 
tion and some who<!c nnalj'SLs is onlj' npproximateb’ knoun. A non- 
sj’nthotic medium is one i\ho«e exact composition is not known. Tlie 
composition of chemir.illy pure sails, sugars, acids, nnd certain other 
chemical compounds is definitely cstabliehed, wliercas that of such items 
• llnnur.u, r \ ,Jour O.r/r, . flO; 111 
MUourpsO W, JpMr. dm Chtm 5oc.47:lG71 (1M5) 
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as beef extract and peptone are more qualitative than quantitative, 
hlcdia such as apple juice and grape juice are natural sources of the 
required food materials for the yeasts, as is evident by the fact that the 
yeasts found on the surfaces of apples and grapes rapidly ferment at 
optimum temperatures the juices expressed from them. 

Media favorable for the gronlh of yeasts are also suitable for the 
grov'th of molds. Oudng to the rather acid nature of these media many 
bacteria fail to develop well in them or are inhibited entirely. 

For a further discussion of the subject of yeast nutrition, the reader 
is referred to Guilliermond’s or other standard texts. 

Relative Rates of Fermentation of Glucose and Fructose, — Not all 
sugars are fermented at the same rate. Nor do all yeasts act u'ith equal 
efficiency. In low concentrations of sugar, fructose is fermented at a 
slower rate (expressed as milligrams of carbon dioxide per minute) than 
glucose by brewers’ yeast at 30°C.* Although the maximum rates for 
the fermentation of these two sugars differ but little, the rate for glucose 
is slightly greater than that for fructose at the same concentration. 
Glucose is fermented at about the same rate in concentrations between 


1 and 10 per cent; fructose, between 2 and 8 per cent. At high concen- 
trations of the sugars, the rate of fermentation of fructose is less than 
that of glucose This is probably referable to the difference in the case 
with which the enzymes involved can bring about the cleavage of the 
sugar molecule. 

Yeast Enzymes. — The enzymes present in yeast include, usually, at 
least three different groups: those concerned with respiration; those con- 
cerned with breaking sugars down to the hexose stage, for example, 
maltase and invertase; and finally those concerned with fermentation. 


Enzymes catalyze the complex chemical changes that take place in 
nutrient sugar solutions. ^Vhether or not a carbohydrate is fermented 
or assimilated depends on the nature of the enzymes elaborated by the 
yeast, provided, of course, that conditions are otherwise favorable for 
fermentation or growth. Polysaccharides, in general, are not fermented. 
However, Wickcrham and associates® found that Endomycopsxs fibuligc^ 
possessed an extracellular amylase system with a high alpha- to beta- 
amylase ratio. Lactose is fermented by Saccharomyccs Jragilis {S. kefir), 
the yeast of the fermented milk product, kefir, and by a few other yeasts 
but not by S. cerevisiae and S. ellipsoideus, which represent the best- 


known and probably most widely distributed types of yeast. 


« Hopkins, H, II., and R. II Roberts, Kinetics of Alcoholic Fermentation of 
Sugars by Bre^'er’a Yeast, Bt&chem Jour , 29; 931 (1035) 

» M’icKEnitASi, L. J , L B Lockwood, O. G. Pettijoiin, and G. E. ^ ard, Jour 
Bad., 48 (No. 4): 413 (1944). 
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The enzymes of yeasts are of two kinds: endoenzymes (intracellular) 
and exoenzymes (extracellular). These enzymes react according to the 
general laws governing enzyme reactions but show also a degree of 
specificity in each case. 

The enzymes of yeasts may be classified as hydrolases and desmolases 

Hydrolases are enzjmes that convert carbohydrates, proteins, and 
esters to simpler substances by the addition of water followed usually by 
cleavage. For example, sucrose is converted, after the absorption of 
water, to 1 molecule each of glucose and fructose as a result of the action 
of sucrase, an enzyme; while raflinose, a trisaccharide, is converted to 
1 molecule each of fructose, glucose, and galactose through the action of 
melibiase and sucrase, enzymes possessed by “bottom” yeast. 

Glycogen is hydrolyzed to glucose, but no cleavage follows the addition 
of the molecule of water to the glycogen molecule. Although glycogenasc 
may thus convert glycogen to glucose, it may, under certain conditions, 
cause the reaction to go in the opposite direction. Thus, some enzjTnes 
have the ability to catalyze reversible reactions and so to synthesize 
compounds as well as to break them doum to simpler components. 

Desmolases arc enzymes or enzyme complc.\es involved in respiration 
and metabolism. Zj'masc is a dcsmolasc of intracellular origin and 
rarely or never pas.«cs through the cell wall into the surrounding medium. 

Zymase is not a single cnzjTnc, but a complex of cnzjTncs and coen- 
zymes. The term “liolozymc” has been coined to include the zymase 
complex plus all its activators. Hexokinase, oxidorcductasc, cnolase, 
carboxylase, and phosphatase are said to be some of the enzymes of this 
complex 

Table 9 summarizes data concerning some of the cnzjTnes found in 
yeasts, the substrates acted upon, and the end products formed as a re.'siilt 
of this action. 

Coenzyraes and Activators. — A cocn^Tnc, phosphate, magnesium, or 
some other substance may be essential in onicr that an enzyme may 
function properly. Coz 3 Tna.«ic (coenzyme f) is required for the nrtiuii of 
oxidorcductasc; cocarboxyLaso, for c.arboxyIa«^, the enzyme which ‘•plits 
carbon dioxide from such nlpba-kelonic acids ns pyruvic nciil Muk* 
ncf-ium is e^-'-ential for the activation of phosphatase.' Glutathiunc iv 
reiiuiml by mctbylglj'oxal.i'so 

Celbfri'c yeast juice from cru'^bed or autolyzed cells will ftTineiil 
sugar but more slowly than yea«<l cells, a fart dcmon^tmtfxl by Ihirbncr. 

If yeavt juice is dialyzed by it through a scmipcnneable mem- 

brane, neither the dialyratc, the portion parsing through the membrane. 


> Tai rrn. H “ rnxN'tns nirmKlry," John iJsy A Inc . York, mi" 
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T\blb 0.— Some Enztmes of Yeasts, Subsikates Acted upon, and Products 

TOR'IEt) 

~] Substrate I Products formed 


I Hydrolases: 

A P.irhohydrases: 

1 Sucrnse ChHmOii 

(S.iccharase, in- Sucro#* 
vcrtase.invcrtin) 

2 Maltase . . . CitH«On 

MaltOBe 

3 liRctase CmHmOu 

Lactose 

4. Mclibiase. ... CjjHj»Oii 

Mclibtose 

5. Trehalasc CuHjiOii 

Trehalose 

6. Glycogenase (C»HioO»)» 

Glycogen 


B. Proteolytic enzymes: 

1. Proteases .... I Yeast proteins 

2 Peptidases Peptides 

C. Esterases: 

1. Phosphatases; 
o. Polynuclco- 

tida'.e ... . Nucleic acid 
b. Phosphatese . . Hexose -f- H»PO« 

7). Amidascs: 

1. Asparaginase, .... HtN CO CHt CHNHt - 
COOH 

Asparagine 

II. Desmolases: 

A. Zymase group: 

1. Oxydorcductasc , . RCHO 

(Mutase, dchy- Ald«hy4e 
draso) 

2. Glyccrolphosphoric Glycerolphosphoric acid 
dehydrogenase 

3. Carboxj'lase CH, CO COOH 

Pymvie acid 

4. Methylglyoxalase. CH.COCHO 

Methylglyoxal 

5. Hexokinase Ilexoses 


C.H.,0. + C.II„0, 

1 Glucose Fructose 


2C»Hi*0. 

Glucose 

c.H„o. + c.n„o. 

Galactose Glucose 

C,H„0. + C.II.,0. 

Galactose Glucose 

2C.HnO» 


(C.H„0.). +*H,0 

Glycogen 

Proteoses, peptones, wd 
polypeptides 
Amino acids 


Mononucleotides 

Hexosephosphate 

HOOC CH, CHNflt- 
COOH + NH, 

Aspartic acid 


RCH.OH + BCOOH 

Alcohol 

Glyccraldohydephospho* 

acid 

CHi-CHO + CO, 

Acetalde- Carbon 

hyde d.Mid* 

CH.CHOHCOOH 
Lactic acid 
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nor the residue will produce fermentation of sugar. Should the two 
fractions be mixed, however, fermentation ensues. 

The residue, the portion not passing through the semipermcable 
membrane, is thcrraolabilc, being destroyed by boiling. The non- 
dialyzable enzymes are found in this fraction 

Cozymase, — The dialyzate is thermostable and contains, in addition 
to other substances, cozymasc or cocnzj'nie I. 

Euler and Schlcnk* have proposed the following structural formula 
for cozymase or coenzyme I 
NHi 



Euler and others believe that cozymasc is a hydrogen-oarryinR 
coonzymo, which picks up 2 atoms of hydrogen (toform dihydrorozymavci 
and Inter donates them. It acts as an intcrmc«hato lietiiocn t«o np<j- 
«lchydruses m the transportation of hydrogen from the donator ‘,y«tem 
(glyccraldchyde phosphoric ncid-phosphoglyccnc acid) to the nrcpplor 
system (acctaldolvydc-ctUyl alcohol) m the ethanol fermentation * (For 
further details concerning the function of cozymasc, refer to page 157.) 

Coztnna^c may Ixj prepared by dmlyzing fredi yeast ju'ce, which 
contains nhout 0 5 g. of coxymase per kilogram of juice,’ or by washing 
zymin with uatcr. 

llic coenzyme may be i.solatc<l from most animal tissues; from many 
plants and fungi; from certain bacteria, namely, tho-c giving ri«c to 
propionic and lactic acids; and from red blootl corpuscles 

The Adenylic Acid System.— Tlio dialyzalc of yea.si jmcc nbo con- 
tains a phosphate earner system, iiWch functions ns a roenzyme Tliis 
‘ Ixiijsjtvs, Jv , T))f' Dj* nni\ Mrtats»h*tn of t)l^ Compoimilsof 

Ann Hn , 7: 12 .’. (inW) 

M'.nrn. 11 \os. .tnprv . W: SOI (1937) 

• Mrtinm.r, 0 , uml I’ OiuiitTrB, JliOfAfm Znt-, 370: 331 (19371 
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example, Stclling-Dekkcr used this test in classifying the genus Saccharo- 

myces. 

Rafhnose is a trisaccharide that structuiaH}' is a combination of 
melibiose and sucrose with tlie glucose radical common to the two. Upon 
pai tial hydroU’sis b}’ sucrose it is converted to mclibiose and fructose, the 
enz}'me suciase acting only on the sucrose portion of the trisaccharide. 
Mclibiose (glucopyranose-G-o-galactopyranoside) is a disaccharido, ^shich 
may be converted by the onz^'me mchbiasc to glucose and galactose. 



ir 0 

Y 

IltoH 
. noiii 
nioii 
nton 
in, OH 

tf'ClurofC 


ir 0 

Y 

ItioH 
+ noin 
iioin 
nioii 
in, OH 


Yeasts, which secrete both sucrase and meltbiasc, liydrolyzo raffinose 
to 1 molecule each of fructose, glucose, and galactose. Such yeasts 
completely ferment raffinose. Otlicr yeasts, whicli possess sucrase but 
not melibiase, hydrolyze raffinose to melibioso and fructose. These 
yeasts ferment only fructose or one-third of the raffinose molecule. 

A number of procedures have been devised to determine the extent to 
which raffinose is fermented. Tlicse involve the use of a quantitative 
apparatus, such as the van Iterson-Ivlujwcr apparatus;^ the absorption 
of the carbon dioxide produced during fermentation by means of barium 
hydro.xide and the titration of the c.xccss alkali with a standard acid 
solution;^ the titration of the unfermented sugar after 14 days;® and a 
method devised by Wiekerham,^ which is described below. 

In Wickerham’s procedure, a 4 per cent nutrient solution of raffinose ^ 
dispensed in special tubes and inoculated with the yeast being tested. 
After the fermentation, has subsided and the volume of gas has com 
mencod to decrease, each tube is inoculated with a melibiose-ferir.entmg 
yeast. A record is made of the amount of gas produced by each yeast 

The basal medium contained 0 45 per cent Difeo yeast e.xtract, 0, 
per cent peptone, and sufficient brom thymol blue to produce a green color 

« Henrici, a. T., Bad Revs , 5; 07 (lOtl). 

* “Manual of Methods for Pure Culture Study of Bacterw,” Leaflet VI, Socie y 
of American Bacteriologists, Geneva, N, V., 1942. 

* ZIUMERAIANN, J. G , ZefitT. Bakt Parasttenk , II. 98 : 36 (193S). 

* tt'iCKERiiAM, L. J , Jour. Baet., 4S (No. 6): 501 (1943). 
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at a pH of 7.0. Two-milliliter portions of this medium were added to 
each of a series of culture tubes measuring 12 by 150 mm. and containing 
inverted vials measuring 6 by 50 mm. The tubes and their contents were 
sterilized and to each tube was added aseptically 1 ml. of a 12 per cent 
solution of raffinose, sterilized for 20 min. at 12 Ib steam pressure. This 
medium was then inoculated ^vlth a young culture of the yeast being 
tested, which had been grown on a yeast extract agar slant. The tubes 
were incubated at 30'’C. Gas production was recorded from time to 
time, and when the amount of gas in the inverted vial commenced to 
decrease, the tube was inoeuLated wifli a young culture of S. carhbergensts 
XRIlL 379, an active fermenter of mclibiose. The production of addi- 
tional gas indicated that the test yeast had not fermented melibiose 
However, failure of S. carUbergensis to produce additional gas was taken 
as evidence that the test yeast had already fermented melibiose. 

Wickerham, in surveying 200 strains of industrial yeasts, found that 
the average length of time required for a yeast to complete the fermenta- 
tion and for the volume of the gas entrapped in the inverted vial to 
commence to decrease was 7 days and that the longest time required was 
16 days. 

Hcnrici* used culture tubes of 25 by 100 mm. size containing 20 ml. of 
medium and inverted Wassermann tulKfs (10 by 75 mm.) ns gas traps in 
carrj'ing out the melibiose fermentation test. lie suggested that tul>c.s 
inoculated with pellicle-forming yeasts be shaken a day or two after 
inoculation in order that some of the cells might sink to the bottom, al'^o 
that all tubes be shaken before reading the final rc'iults. 

Auxanographic Technique. — In order to determine whether or not a 
yeast is able to utilize a given sugar, Ileijorinck* dcvi.'scd an au\nnogmp!iic 
proceilurc The basal medium, which contained 0 1 per cent potassium 
dihydrogcn phosphate, 0.05 per cent m-ignesium sulphate, 0 05 per cent 
ammonium sulphate, and 2.0 per cent of washed agar, was prcp.irc<I, 
sterilized, cooled, seeded heavily with the yeast l»oing tcstoil while still in 
the melteil comlition, and poured into polri dishes The heavy susjx?!!- 
Kion of yeast wws usotl m order to provide the requireil growth-promoting 
Mibstances Small amounts of the sugars to Ik* tested (in the drj’ form) 
were plart^I upon the dry surface of the solidified agar, sufTiciently far 
apart to prevent iniMiigof lh<*ih''*KiJ\eiI materials (Jliicose wa-suse^l n.sa 
control, since all ye.asts arc able to utilize it 'Hie ix-tri dish(*s were 
incuhatcfl at an optimum tomix*ratiire for growth, u-ually 2.''» to 2S®C^ 
llie sugars dilTiisr into (ho agar and, if they arc assimil.atetl. caii'M* growth 

■ III MIX I /or. 

'fUmniN. K. M W , itrf, n/rrhmt »oi . akS’O 
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of the yeasts. No groui-h takes place when a sugar cannot be utilized 
This procedure has been used by Lodder^ and otliers. 

Lodder' used a modification of Beijerinck's au\anograpIiic technique 
in order to determine the extent to which certain nitrogen compounds 
were used by yeasts. The basal medium in this case contained 2 per cent 
glucose, 0.1 per cent potassium dihydrogen phosphate, 0.05 per cent 
magnesium sulpliate, and 2 per cent of washed agar. In carrying out the 
test, approximately 2 mb of a heavy suspension of the yeast being exam- 
ined were placed in each petri dish and the basal medium added. The 
plates wore incubated at 30®C. for a number of hours in order to dr}’ the 
surface of the agar. Small amounts of the nitrogen compounds (ammo- 
nium sulphate, asparagine, potassium nitrate, peptone, and urea) acre 
then placed on the surface of the agar. The petri dishes were incubated 
at 25®C., and later obscn'cd to determine which sources of nitrogen 
supported growth. 

Since the au.vanographic method may produce erroneous results it a 
sugar or nitrogen compound diffuses over too wide an area in the pc n 
dish, some workers have preferred to use liquid media and to test for 
utilisation of each given substance in separate culture tubes, 


GROWTH-PJlOMOnNG SOTSTANCES 


Definition.— Growth-promoting substances, or 
tors, may bo considered to be substances which, when added o 
containing the usual sources of encrg>', carbon, nitrogen; 
inorganic salts, accelerate the growth of a microorganism. ^-*,506?, 
Controversial Nature. — The subject of 5rowth-promotmg 
especially bios, has been a cause of controversy, particu arj 
first part of the present century. Failure to agree on 
laboratories has been due in large part to the use of di^ and 

strains of yeasts or other microorganisms. Coppmg, depend^ 

others have shown that the requirement for bios, for 0^^ ’ 

on the typo of yeast and the composition of the medium. 

Bios. — Space does not permit an extensive review 0 in 

concerning bios. The subject vras rexdeu’cd, however, 

^Lodder, J, Die ircfesammJuog des Centrunlbiireay 
II Teil. Die anaskosporogenen Helen, Erste Hal/te, ^^^.*^-0(1534) 
TYetensekap. Amsterdam, Afclecl.Natuurt,Sec.lI- Peel 32. 

*Coi>riNQ, A M., ^wcAent. Jour., 23: 1050 (1929). 7nur. Aw 

* WiLMAMs, R J , J. L. WitsoN, and F. tV. von der Ahe, 
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♦Tanner, F. W., Chem. Rev., 1: 397 (1925) 



THE YEASTS 


49 


1925; by Lutman> in 1929; by Buchanan and Fulmer* and by Miller’ in 
1930. 

Since the appearance of these review’s, considerable new research has 
l>oen carried out concerning the grow-th substances of yeasts, and the 
identities of several components of bios have been established. 

In 1935, Thimann* outlined the more important advances in the 
knowledge of bios, while Koscr and Saunders* (1938) presented an exten- 
sive review concerning bacterial accessory growth factors, which included 
a survey of yeasts and molds. 

Origin of the Term. — Wildiors* (1901) proposed the name “bios” for 
the hypothetical organic substance of biological origin that stimulated 
the growth of yeasts. He based lus evidence for the existence of bios on 
a senes of obscr\’ations made during bis researches. He observed that a 
beer yeast, a strain of Saccharomyccs ccrcvi&tae, grew poorly on a synthetic 
medium that contained ammonia as the source of nitrogen, but that the 
addition of a small amount of organic material, such as beer wort, caused 
rapid growth of the yeast. Likewise small amounts of inoculum some- 
times failed to produce growth in a medium, whereas relatively large 
quantities of inoculum produced rapid growth. The filtrate from boiled 
yeast produced the same effect as a large inoculum. Liebig’s meat 
extract and other organic substances of biological origin stimulated 
grow th. 

Wildicrs's ideas on bios were soon challenged, but they scr%’ed as a 
basis for sub.scqucnt important research. 

Chemistry of Bios. — Tlic complex known ns bios is soluble In water 
un<l in SO per cent alcohol but insoluble in absolute alcohol and ether. 
It relatively stable to heat and modcrntcly so (o acids hut is dcstroyctl 
by boiling in a 20 per cent solution of sulphuric acid. A boiling solution 
of sodium hydroxide, of concentration much in excess of I per cent, 
U'Ually destroys bios. It is dialyzablc through a semipermcnblc 
membrane.’ 

Lucas* demonstrated that bios may he separated into two fractions 

‘ Lltuas, U r , “MicrobioIoRy,” McCrnw-lIiU Book Company, Inc , N'c» York, 
1029 

n 11, and E. I I'cLurji, ''n>ys«ofo|y and Bioclicmuto* of bac- 
teria," Vol. II, The Williams & WilWina Company, Baltimore, 1930. 

* Milltk, W L , Jour Chem. EJwation, 7; 2G3 (1930). 

* Tinuxvv, K. V., .tnn Err 615 (1935) 

* Kosr.n, 8 A , and F Swxnrns, Dart. Err, 2: 122 (103S). 

* WiLTirns, i: . CflluU. IB: 313 (1001) 

’ .\M>rti«o\. (’ (; . ".tn Introduction to BactcrwloKical Oicmi."lry,"Tlie William* 

A tVUkm» (otnpanN. lUItimore, 193.S. 

•I.rcA^t. 11 W.Jovr /v.yr Dem . 28: ll?n (1021) 



50 


INDUSTRIAL MICROBIOLOGY 


by the use of an alcoholic solution of barium hydroxide. The barium 
salt of one fraction, bios I, was insoluble in alcohol, while no salt was 
formed by the second fraction, which w’as designated as bios IL Neither 
of the fractions bj' itself had much activity, but a combination of the two 
fractions produced growth stimulation. 

1. Bios I. ulnosilot — Eastcott* identified bios I as optically inactive 
inositol, which has the following structural formula: 

CHOH 

nout iiioii 

^C^OH 

I'lnMitol 


Inositol had very httle action when used alone but was effective when 
combined with other components of bios. 

2. Bios II . — Bios II, the portion of bios not precipitated by an 
alcoholic solution of barium hydro-xide, has been fractionated into otbei 
substances by different methods. 

o p.^NTOTHENic ACID. — Usiftg fullcr's earth, Williams and his coM'ori' 
ers® separated bios II into an adsorbed fraction, replaceable by vitamin Bi 
(thiamin or aneurm), and an imadsorbed fraction designated by them as 
“pantothenic acid.’’ 

The term “pantothenic” is derived from Greek and signifies 
everywhere.” Pantothenic acid is thus named because it may be iso 
lated from a large number of sources, which include plant (bacteria, shme 
molds, etc.) and animal tissues. , 

Pantothenic acid has been s;>Tithesizcd by Stiller, Keresztesy, 
Finklestein® of the Merck Research Laboratories. It has the foUo^'ing , 
chemical structure; 


ir CH, OHO II H H o 
HO—i— 

A in, ii li A 

It is prepared by condensing alpha-hydroxy-beta, beta-dimethyl'gnmma 
butyrolactone, a product that has been synthesized, with beta-alanm®* ^ 
Small amounts of thiamin, or relatively large quantities of i-inosi o, 


* Eastcott, E. V., Jour. Phys Chem , 32: 109J (1928). ,1001V 

* WiLUAMs, R. J., and E. Brapwat, Jour. Am Chem. Soe., 63 : 783 O-f-i 
Honn, Jour. Plant Physiol., 7; 829 (1932). 

* WiiuAMS, R. J., and R. T. Ma/or, Science, 91: 246 (1940). 
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or mixtures of the two, increased the stimulating efTect of this acid in 
respect to certain yeasts * 

b. DIOXIN. — If bios is fractionated witli charcoal, the adoorbed portion 
contains a substance designated by Kogl and liis associates* as “biotin.” 
This substance may bo eluted from charcoal by the aid of an aqueous 
solution of ammonia and acetone. Afterward the product may be pun- 
fied. Kogl* states that approximately 300 tons of ordinary yeast would 
be necessary for the production of I g. of biotin. The unadsorbed portion 
has been called bios III 

Biotin has been assigned the tentative formula CnHuOjXjS It ha-< 
been obtained as the methyl ester in crystalline form One part of biotin 
in 4 X 10'® parts of medium causc<l a distinct stimulation, while one 
part in 10“ parts produced a perceptible effect on the growth of yeast 
(strain M). The growth effect is increased b 3 ' the presence of the cofac- 
tors i-inositol and thiamin. 

c. UETA-ALANiNE — Millcr and his associates* have separated bios II 
into two fractions by tlio use of charcoal. The portion adsorbed by the 
charcoal and removed by shaking with an aqueous solution of acetone and 
ammonia was designated as “bios IIB,” while the unod^orbod portion of 
bios 11, the filtrate, was called “bios IIA ” Tlie properties of bios II/l 
are duo to beta-alamnc and Icucmc * 

In a medium containing sugar, salts, and 5 mg of inositol per liter, the 
growth of several strains of yeasts was stimulated by the addition of as 
little ns 0 OS microgram of ^-alanine per cubic centimeter of medium 
(approximately 1 part in 12,000,000) Aspartic acid enhanced the 
I'lTcct.* Pantothenic acid, and tliiamin in at least one ca.so, stimulator! 
growth when added 

At very high dilutions, ^-alanine may bcBlightlj' inhibilorj’ * Nielsen 
and Hartolius .state (hat the ^-alanine is toxic to yca.si e.xcopt when 
a-sparnginc, or aspartic acid, is a constituent of the medium • 

({. TiiiAMiv. — Williams nn<l Ins associates (1030) nbsor>cxl that 
thiamin (vitamin Hi, or anounn) stimiilntcrl the growth of a certain strain 
of yea-st. * 

•\VjLli\Ms. H J , and I) H S»i /fiocArm Jour , 28: lR-87 (1031) 

* KOcl, F , utid n. TOvmb, Zrft phs,$iot Chfm . 242: 43 (10301 Chrm A Ind . 
67: 10 (1038) 

* /bid 

* MlLLfM, \V L,I' V r^iTutrrr, and I. >1 Spm»us«. Tran* Hay Sne Can III, 
26: IM (1032) 

•MiLLrn. W L.rrrjiiJ Hay Soc r«»«, 111,80:90 (1036) 

*tViLiJius,It J.nndF Koiinurs, /aur. .Im Chm , 68: <V)S <10361 

’ /bid 

* Nirij«rv, N' . «ind V IlAHTrui's, //inrA^m ZpiI , 266’ 330 (IMSi 

* WinuMs It J and It It Ilonm,y»Mf Itint Ckm.tl'.TA] (1030) 
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Thiamin has the following structural formula: 


N=CNH. 

H.c d; i— cHr 


CH. 

Cl (!!=C.CH!CH,0H 


-V 


‘c-i 


PytiDudiB« ring 


Farrell* found that i>accIiaromyces hanscntospora valbyensis reproduced 
well in a medium containing tomato juice but not in a medium containing 
inositol, bios IIA, and bios II5. She designated the substance that 
stimulated growth as “bios V”. It has been shown that bios V may be 
replaced by thiamin.’ 

Thiamin has a marked effect on yeast fermentation, according to 
Schultz and his coworkers.* 

Thiamin, derivatives of thiamin, and the pyrimidine and/or the 
thiazolc portions of the thiamin molecule may serve as accessory growth 
factors for certain microorganisms.* 

Rkodotorula rubra and U. Jlava* are stimulated not only by the intact 
thiamin molecule but also by the pyrimidine ring of the-molecule. A 
concentration of approximately 0.4 microgram of thiamin in 25 cc. of 
medium produced maximum growth. 

The action of thiamin, pyrimidine, and thiazolc on various yeasts has 
been investigated by Schultz and his associates.® 

c, BIOS vn.— A “useful constituent,” which accompanies bios H > 
has been named “bios VII” by Miller.’ Marchant (1942) has shown 
that bios VII may be almost replaced by pyridoxine. 

Sources of Bios Constituents. — Constituents of bios may be isolated 
from a large number of sources; from wild yeasts, from Aspergillus mger, 
from the leaves and buds of the birch,* from malt rootlets,® froni 
wort, from tomato juice, from the charcoal used in the refining of 
brown sugar, and from many other sources. 

* Farrell, L. N., Trans Roy. Soc Can., Ill, 29: 107 (1935). 

* Miller, \Y. L., Trans Roy Soc, Can , III, 31 : 15S) (1937). 

* Schultz, A. S., L Atkin, andC N rBST./cur. Am. CAm. Soc, 

' Koser, S A., and F Saunders, Bocl 2 ; 99 (1933). .,g, 

‘ScrioppER, W, n., Compl. rend, 205; 445 (1937), Compt. rend. soc. biol , 

812 (1937). g, 

*vSc!tuLTz,A S,L Atkin, and C. N. Fret, your 

^ Nielsen, N., und V. HARTEiaTJa, Compt, rend. trav. lab. Carlsberg, S r.p 
22; 1 (1937) 

* t>A0T3, J , Protoplasma, 24; 14 (1935). 

*I>EA8, J., Jour Biol. Ckem , 61; 5 (1924). 



THE YEASTS 


53 


Function of Growth Substances. — Thiamin i» closely related to 
cocarboxylase and is believed to function in the structure of the latter 
compound. 

The exact functions of biotin, inositol, ^-alanine, and pantothenic acid 
are not known at present. 

For further information conceminK this subject, the reader is referred 
to the publications listed in the following bibliography, gome of vhich 
contain additional references. 
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CHAPTER III 


SACCHARIFYING AGENTS: METHODS OF PRODUCTION 
AND USES 


Introduction. — Slnrches, hcmicelluloccs, and ceIIuIo>es must be 
li3’drolyzo(l or eonv’crtcd to fcrmontiilile sugary by enzymatic or chemical 
agencies before thej* may be u>ed for certain industrial purposes, such as 
ethanol production. A variety of mcthochs may l>c U'led for converting 
complex carbohydrates to relativel}' simple materials. Some of these 
methods arc applicable in the case of starche.s alone and others, irith 
suitable modifications, may be llJ^ed for the saccharification of either 


starches or cellulose materials. 

Methods of Saccharifying Starch-containing Materials. — In general, 
the methods of saccharifying starch-containing materials involve 
of enzyme picparations or dilute acids, ora combination of tlie tiro The 
cnzy’mo preparations that may bo used include mall, Miiich is of cerea 
origin, and those of microbial origin, among n-liicJi ore mold and bactena 
products. Illustrative of preparation*? of fungal origin arc mold bran an 
fungal amylnse.s. Either liquid or solid bacterial preparations arc avai- 
ablc. A method that depends upon grooving on am^dase-producing mo 
in the substrate that is to be fermented after saccharification Is knoim as 
the Amylo proccs.s. Dilute acids, particularly' lij’drochloric acid, maj c 
used to convert grains, potatoes, and other starch-containing ra^^ ma e* 
rials. Various combinations of malt with mold bran, or other enzywe 
preparations of microbial origin, may bo employed; or combinations o 
acid mth mold enzj’mes mnj' be used. The method of ^ 

selected ^s'i^ depend, of course, on the use intended and the availa 1 1 } 
the hydrolytic agents and their relative costs. , 

Cooking the Mash. — The purpose of cooking grain mas es 
prepare them for the convereion process in which starches are sacc , 
to fermentable sugars. During the cooking, the starches are so u i 
and gelatinized. jn 

' Cooking may be accomplished by batch or continuous processes 
batch operations, cooking may be done at atmospheric 
temperatures below the boiling point of water by methods 
infusion processes; or under pressure. The continuous 
high temperatures, obtained by the use of high steam pressures, an 
periods of time, usually less than one minute. 
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Infusion Process . — Some materials, such as wheat, rj-e, O'c malt, and 
barley malt, may be adequately cooked by infusion processes. For 
example, wheat may be prepared in accordance with the following method 
of Stark, Adams, Scalf, and Kolachov.* Ground wheat is added slowly 
to water at a temperature of 100“F , while being agitated continuou«!ly. 
The temperature of the mash is elevated to 155*?. during a period of 45 
min., held at for 60 min , and then lowered to 152®F. At this 

temperature a slurry of malt may be added Conversion may be earned 
out at 14o“F. for 30 min. 

Bafch-tijpe Pressure Cooktng . — This process is earned out in tank.s* 
of large capacity, for e.xamplc, 10,000 gal or more The tanks arc 
equipped with agitators, inlets for the water and the grain, outlet.'*, 
steam spargers, usually a means for producing vacuum, and with other 
acccssonc.s 

During operation, water at a temperature of 120 to 140"!''. i* added to 
the tank in an amount sufficient to supply 18 to 22 gal for each bushel of 
com or other grain. Sulphuric acid is added to bring the pH of the mn'*h 
to 5 4 to 6.6. Then the ground corn i» added slowly, with agitation 
The mash is heated to 305 to 310*F by steam under pre.s.Mirc during a 
period of 45 min. and hold for 5 to 10 min. It is cooled to ]52®F , first bv 
blowing it down to atmospheric pressure, and second by u^ing vacuum 

The comparatively large floor space occupied by the tank, the 
relativolj' long period of proces.xjng (3 to 4 hr), and the diffirulty of 
obtaining uniform mixing and temperature are disadvantages 

Continuous Pressure Cooktng . — The mast modem method for cooking 
com and other grams is a continuous pressure process, which was devel- 
oped by Unger.* 

The effects of variables on the efficiency of operation was stufhed bv 
U’ngor. The variables were (1) the temperature of cooking. (2; the time 
of cooking, (3) the particle -size of the ground gram, (4) the ratio of the 
amount of grain to water, (5) the pH of the mash, and (15) agitation Me 
found that the most important vnnablcs were temperature and time and 
that corn meal may be adequately cooked iii 16 to GO sec at 3.>0 to 36.) I . 
in a Fchuttc-Kocrting jot heater He showwl that grinding was not to*) 
important a factor, provided that the grain was ground enough to lx* 
cookcsl properly The optimum prartiral pH range was .>4 to 5 

A continuous cooker xy.stem with a eapaciti' for .VPtX) Im of gram per 
day was designed by Unger and constnicteil (n'fer to Fig S; 

'.‘^TAHK.W It,S L Apams. n i: f^ciLT. and r K'ouinioA. /nd Png Cf.m . 
tfi: tl.1 (1013) 

' I’snrK, K D . Tnv .^Inudof \pplin{ S*i»*nrr, Ma>, 1011 

* Ib>.l 
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For further details, the reader is referred to other sections of this bo 

to “Food for Thought” by Willkieand Kolachov, to Unger's thesis, a 


other sources. 

MALT 

Malt is an enzymic product prepared usually from selected ha J 
although other cereal grains may be used. 

The Preparation of Malt. — ^The manufacture of njalt, c 
carried out by malsters, consists of steeping selected, 
permitting it to germinate, and drying it under carefully rogu a 
tions. A schematic diagram of a malting plant is shonm m 

Selection of Barley. — Barley is selected for the results tha i P . 

It should be of a good variety, preferably large grained, o a 
form size, and of a light yellow color when matured, j^arsh 

high germinating power, contain but a small amount of bi 
substances in the husk, and have the ability to produce enzy 
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proper character and quantity during germination. Soft, starchy 
barley is desirable; damaged or weedy barley is undesirable 

Certain types of barley arc sought for the manufacture of fine \>ccr. 
In the United States malt is prepared principally from six-row cd barley, 
although some tw'o-rowed barley is used in California and miicli of it m 
Europe. 

Composition of Barley. — Barley contains the four plant proteins: 
glutelin, hordcin, leucosin, and edoslin. Glutclin and hordem are found 


GRAOERS AND CLEANERS 



I'jo. 0,— MiiUing plml (schomatir dianraw hot ilrown to upbIp) {('ourlrtv of tKr EtlJar, 
t'ooil Sfvi. Octoher, lOi'l ) 


mainly in tJjp livik,k and alcuronc coll layers; Icuco-m and otlo'.tin in tbo 
endo-Aperm between the starch gnmules 

Starclj is found in the rndo-j>erm and is a ino'-t impnrtuni con^titueiU. 
Vat, rich in lecithin, is fouml in the emhrx’o am! m ibe jdeumno ceJl<. 
Tannins and hitter rc-ms arc locatoil imncipalb m the hu^ks Together 
with the protein, the tannin** and bitter re-in** are eollectively refern-'i to 
lus “to^tinic aeid " 

Storing, Cleaning, Gradlng.—Afler receipt at the malting phant. the 
barley is \\cighe<l, store<l, clennetl, and Rradisl. It may l>e st<ire«l in bin'*, 
areonling to the v.ariety I'rom the hin% it i*« conveytnl to the cleaner* 
wJjirlj are of varioii** de'*iRn** and conMnietion but whieh penondly employ 
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aspirators for blowing out light material, such as chaff, and screens for 
separating out stones, broken barley, and other extraneous material. 
The barley is then graded for size, each different grade going to a different 
holding tank or hopper and being processed separately. 

Steeping. — Steeping is a process of soaking grain in order that it 
may take up sufficient moisture to quicken the living cells of the cmbiyo 
and start the processes of enzjTnc production and germination, which pre- 
cede the breakdown of coll walls and the hj^drolysis of the stored foods 
itefore the barley is steeped it should be screened or sorted in order to 
obtain grains of a uniform size. The moisture content can then be coa- 
trolled more readily during steeping. 

During steeping, water is imbibed by the individual grains until an 
optimum moisture content of 45 to 47 per cent is obtained. This con- 
centration of water favors normal germination. 

Water of a known chemical composition and of a definite pH should 
be used during the steeping process. The composition of the water has 
much to do 'lith the proper removal of the tannin, bitter resin, and some 
proteins, ^Yhich are undesirable for beers. Since these substances dis- 
solve more readily at a higher pH, the steeping water is sometimes mwe 
alkaline by the use of lime. The use of alkaline steep water apparen y 
is of advantage when malt, and subsequently beer, is made from coarse 
barleys, but of no advantage when fine-skinned barleys are used. 

Hypochlorites and permanganates have been used to some exten m 
the steep water It is claimed that they may stimulate germination an 
destroy harmful microorganisms in the water. The value of their ii-c 
is not firmly established, Iiowcvcr. , 

The rate at which tiie ivatcr is absorbed by the grains depends on 
variety of the barley, the size of the grain and, mainly, the temperature o 
the water 

A temperature of 50 to 00®K in the stefcping tanks is satisfac ory. 
Control of the temperatuie is \'ery important. 

Malting is essentiaiiy a vital process involving growth an 
tion. Re.spiration rates increase with a rise in temperature m 
augmented water content, and oxygen is naturally required. 
aeration of the steep w'ater is essentiai. Aeration also causes 
material and small defective or light barley grains to rise to the 
the steeping tank where they may be removed by skimming- 
alternate method of aeration, the water may be drained oft an 
tank refilled. ^ 

Undersiceping results in a reduced rate of respiratioi^ a 
growth of the rootlets and an incomplete breakdown of t e pr 
Less extract can be secured from the final product. 
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Oversleeping leads to the production of a higher percentage of iinger- 
minated grains, caused bj* a deficicncj' in the oxygen supply during 
steeping, the inadequacy being due to the increased rate of respiration, 
ff the water is adequately aerated, the grains will germinate subse- 
quently, but the development is likely to be abnormal. Hence ovcrstcep- 
ing may lead to low yields of malt. 

Germination. — During germination several complex changes take 
place. The visible morphological changes include the formation of the 
acrospire, or plumule, and rootlets. A histological examination ^\ould 
show the disappearance of the cell walls of the endosperm, while a bio- 
chemical analysis would indicate that certain metabolic changes had 
taken place — the breakdoivui of proteins, starches, and other complex 
constituents under the influence of en23rmes. Enzymes arc elaborated or 
activated when the temperature, moisture, and aeration conditions are 
satisfactory for the germination of the seed. 

Tlie temperature, the moisture content of the grains, and the oxygen 
supply are very important during germination. These are controlled 
carcfulli' in compartments or in revolving drums. Compartments aro 
usually long and narrow. They are equipped nith perforated metal 
bottoms, which allow tcmperature><ontrolled, humidified nir to p.TSs up 
through and water to dram out Conveyors or spouts distribute the 
steeped barley over the compartment floor During tlic germination 
process, the barley is aerated with humidified air and stirred by special 
screw propellers which constantly travel back and forth from one end of 
the compartment to the other, and maj' be «atrroil by overhead device®. 
The temperature of the grain is mnintaincil between (K) and "O^F by 
controlling the temperature of the incoming air In rotating drums the 
humidified and temperature-controlled air enter? each drum through a 
scries of inlet tubes located near the penpherj' and loaves through an 
outlet near the center. The drums revolve slowly, u‘'unny at I to 2 
r.p m. during the germination process. Germination generally require® 

5 to 7 days Tlio process is complete wlicn the acrospirc lias growai to a 
length equal to three-fourths to the full length of the kernel. 

Tlio oxygen supply is especially important during germination, for 
the rate of respiration increases greatly in germinating grain During 
re.spiration, heat cnergj’ is evolved, while caHion ilioxide and water are 
produced ns wn.stc respiratorj* prodiiets. Tlie acTiimulation of earlxin 
dioxide inhiiiits normal respiration, and its eonrentration or a deficienc? 
of ovygt'n, or both, induces abnormal revpimtion in whirh hydrogi-n 
acceptors other than oxygen ni.a} function Tlie prwhici.s foniie<l «ltjr- 
ing abnormal respiration may include and®, nJc<iln>l®, an<l nidchydex, 
which exert n toxic cfTeet on the germinating grain or young plant. 
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Germma«ng barley ,.„a«y aW„ a respirator- coefficient of approri 

Respiratory coefficient » vptumc CO^ evolved 
volume Ot absorbed 

desired stLe of *c 

the apDlicatinn <5 t'l germination processes and nilh 

moisture lit f '’"'T "duces the 

mawn Ir r '"'■'t A final moisture content of approxi- 

of breaWo™ brJe^tnisms"'' 

caro^ulim! iT'/'f controlled kilns or drums at 

temperatures. The temperatures used have much to 
fi^r r of tl>o finol malt and the flavor of beers made 

AnnJiffli* (lamnge can be clone to germinated barley by the 

ne^ temperatures when the grain is wet, lo« tem- 

pJpvotfo/C K ^ temperature is raised gradually, or 

100°C is uaoT^^ merements, until a final kilning temperature of 75 to 

temperature used depends upon the nature of the malt 
• or a light malt, a lower temperature should be used; for a 
dark malt, a higher temperature. 

During recent years, some malts have been dried in vacuum drums. 
fa f "'r * possess a high concentration of enzymes but, though satis- 
c ory or Use in distilleries, are not so suitable for breunng, since the 
usual protem changes are affected. 

Folioning the kilning, the malt may be treated, usually by friction, 
to remove the radicles. 

' has many uses. It is used extensively in the brewing 

m ustry as the chief raw material in the manufacture of beers and ales; 

j ^ 6 saccharifying agent in the manufacture of industrwl alcohol 
an isti ed liquors from grains, such as wheat, corn, and rye. Malt is 
a so use in the manufacture of malted milk, candies, cereals, and food 
CO orings but is usually roasted first in special ovens under carefully 
controlled conditions. 

Rapid Conversion of Mash. — Gallagher and his associates^ have 
esen e a fast method for converting grain mashes, which u’as based oa 

nt. ‘ K., H. R. Bilfobd, W. R. St.^bk, and P. J. Kowchov, Ind Emi 

Chem., 34; 1395 ( 1942 ), ’ 



SACCIIAIIIFYING AGENTS: METHODS OF PRODUCTION AND USES G7 


experimental data of the following nature secured in the laboratorj'. 
Com cooks (mashes) were prepared under the same conditions and cooled 
to 62.8‘’C., the temperature of conversion. Barlej' malt (10 per cent), in 
the form of a slurry, was added in equal amounts to each cook. The 
mixture of malt and corn was agitated mechanically and conversion ^v’as 
carried out for specified times. The individual mashes vere cooled 
quickly (within 7 to 10 min.) to 22.2®C. and made up to a concentration 
equivalent to 38 gal. of mash per bushel of grain. The pH was adjusted 
to 4.8 to 5.0. Then each mash was divided into four portions, three of 
which were inoculated with S. cercvistae (Seagram No 1 strain) and one of 
which was reserved for control purposes. Fermentation was permitted to 
continue for 08 to 72 hr., after which the mashes were analyzed for 
residual sugar and alcohol. Data based on conversion periods of 1, 5, 15, 
30, and 45 min. arc presented in Tabic 10. 


Tabls 10.— Compariso.v of Efflct or .Mask rowvEB<?ioN Timfs ov rEnsiRNTATiov 


Conver- 

sion 

lime, min 

Total augar 

Efliciency 

per cent 

Grama ahi 
alcohol in 
100 cc. 

Initial 

K /100 ml 


Fermented, 
per cent 

Fernicn- 

tation 

PJant 

basis 

1 

11 01 

0 027 

04 5 

98 4 

03 1 

5 52 



0 62'J 

91 5 

99 1 

03 8 

5 59 



0 030 

94 S 

08 4 

03 1 

5 52 

s 

11 5S 

0 016 

94 C 

99 3 

93 0 

5 50 



0 072 

94 2 

00 4 

93 8 

5 55 



0 OSS 


100 7 

0} 8 

5 61 

15 

11. W 

0 745 

93 5 

100 2 

03 .5 

5 .52 



0 715 

93 8 

101 1 

01 7 

5 50 



0 752 

93 8 

100 0 

93 4 

5 .51 

30 

11. 2S 

0 810 

92 8 

90 3 

02 2 

5 31 



0 S50 

1>2 4 

102 5 

o| R 

5 40 



0 702 

03 1 

95 0 

KR 

r, 10 


11. S7 

0 8.50 

92 8 

98 0 

90 0 




0 ssr> 

92 5 

89 1 

82 3 



•0*ujonm.F. H . U a liiLroiio. n II (.r4aK.udP J Kou*'Tit>*. /•«l. Cl/m. lijIS'JJ 

own. 


Additional data ohl.ained by Gallagher, nml In'* coworkers' showe<l 
ih-at the Nmin conversion ix?ruxl wa.s ciiual to or lx*ttcr than the fiO-min. 
J>eriofl at n plf of 5 4 or 5 9, the lower and wpr>er hmif«, re-f)ertne}y, of 

*OAii.Af3ii»n.r. 11., n. II. Uaronp, W. H Sr%BK, and V.J UoiAciiov,/n>{. Enf 
, 54: na.. 
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levels optimum for plant conversions. More tlian 70 per cent of the 
cooked starch in the grain was converted to maltose by barley malt in I 
rain, at C2.8®C. 

Tlie rapid method for the conversion of mashes is as follows: A pro- 
portioning pump continuously injects a slurrj’ of malt into a stream of 
cooked mash nhieh is being forced along by another pump. The products 
flow through a pijxs 105 ft. long and 4 in. in diameter at a temperature of 
62.8^0, The malt acts on t}te for a pcrioil of 40 see. The mixture 
is then cooled during a period of 1.5 min. to 21.1 to 23-9‘’C. Tins particu- 
lar unit has a capacity for converting 5,000 bu. of grain per day. 

THE BALLS-TOCKER PROCESS 

This IS a process for utilizing the enzymes normally occurringin wheal 
for .saccharification purposes in order to save malt.* Wheats contain 
adequate amounts of bcta-nmylase but are defleienf in alpha-amylase. 
Accordingly, it is ncce.ssary to use some malt to compensate for the 
paucitj’ in or-amylasc. 

The process is briefly a.s follou's; A slurry of ground wheat is acidified 
to a pH of 5.2 to 5.8 and 0,05 to 0. 1 per cent of KajSO* is added to activate 
the inactive form of amylase and to aid in the flocculation of wheat gluten. 
Tlio mixture is agitated vigorously (for 1 hr. at 25*Cf. in one modification) 
and then permitted to stand for dS min, or longer, Tlic starch settles out 
and a considorahio portion of the gluten rises to the surface and may be 
recovered. A portion of the clear supernatant fluid of the middle layer, 
ivhich contains the activated amyiasos, is removed and later used to 
saccharify the cooked mash. Generally about 20 to 35 per cent of the 

wheat used may bo extracted %vifhsiilpliile. At least 2 per cent of malt on 
the ba.si.s of the weight of the grpin is necessary for saccharification. For 
further detail.^, the reader is rcfcntKl to the report on “The Production o 
Ethyl Alcohol from Wheat" by the Northern Regional Research Labora 
tory, U S. Department of Agriculture, March, 194-1 

MOLD BRAN 

Mold bran is an enzyme product obtained by growing Aspergillus 
oryzae on moist, sterilized bran. It is and may’ be used successful^ 
substitute for malt in the saccharification of grain, potato, or other 
of starch-containing mashes. Smaller quantities of mold bran * 
malt are required to saccharify a gix’en quantity of grain mash. ^ 
of etliyj alcohol from mashes saccharified with mold bran are, on 
average, equal to and often superior to those obtained from mas 
saccharified with malt 

‘ Balls, A. K., and I W. Twckbb, FruUProduehJour , 23:15-16, 2t (19^3) 
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Development of Process. — Takamine,* in 1914, advocated the use of 
mold enzymes (from A oryzae) in the distilling industry. Studies were 
carried out in distilleries in Canada using his mold-bran preparation 
(Taka-koji) in place of malt to saccharify grains. Although the yields of 
alcohol obtained through the use of mold bran were reported to be higher 
than those obtained through the use of the malt, the process i\as not 
adopted. 

In 1939, Underkofler, Fulmer, and Schocne* demonstrated by laboia- 
tory methods that higher yields of ethyl alcohol, on the average, could be 
obtained from corn mashes saccharified by the use of mold bran than 
from those saccharified by the use of barley malt. This work was later 
confirmed by them and their associates at the Iowa State College*-*-*-* and 
by Roberts, Laufer, Stewart, and Saletan.^ Similar findings on a 
commercial basis have been reported by Boyer and Underkofler;* Under- 
kofier, Severson, and Goering;* and Underkofler, Sev’erson, Goering, and 
Christensen.^® The favorable use of mold bran for the conversion of 
potato mashes was reported by Beresford and Christensen." 

Molds Used.— Hao, Fulmer, and Underkofler" studied mold bran 
prepared from 27 strains of molds of the genera Aspergillus, Muccr, 
PenicilUum, and Rlmopus. They found that bran preparations made 
"ith strains of A. oryzae, R. dcletnar, and*/? oryzae were optimum for the 
saccharification of corn mashes as evaluated by the jnelds of ethanol 
produced. Strains of A. oryzae were selected as being best suited for 
industrial use, based on ease of handling, consistency of results, and high 
yields of alcohol from the saeclmrificd masher. 

Table 11 shows the effect of sacclianficntion temperature and time on 


*Tak.4mine, J , /nt/. , 6: 824 (191-t) 

• U.VBEnKOFLEU, L A , E. I. Fulmcb, and L. Sciiofvk, Ind hng Chfm , 31 : TJl 

•SciiOENt,!,., i: I ri-iMf.R,smn. \ Uvdkbkofixii. Eng (7Am,32:Mt 
(Jl'IO). 

‘ U\i)FnKO>un, I. A , Hretrrn Diffrfl.n (No II). 20 (1912 cij 

• llAO, L. C , i:. I. l\ and L A U'-»rRKOFi.n«. Ind Eng them . 35. 81 

• UNi.Fimori.»R. L. A , nnd E I I’l imfh. Chromro IMnn . 7: 120 (1!)I3) 

’ noBERTS. M . S. lEu, L I>. Ste« *rt, and L T Su.ftvs. Ind I.ng CUn , . 

55:811(1911). .. , ,,Hr, 

•lk>Trn.J.W.andL.A Vso^nKorLfKChrn. A 

•U.VDrKKo»u «. I. O. M S»»»R.-‘ON.«nd K J l.m R.n«. In-i Eng . 
*^''*Us-iIrn?orL»R,L A . (J M J an.l I. M Cnut.TrN^^v. 

1 !"^ M... ... .... 

r, 1911. 

“ IIao, Fclweh. and 1 'm>» nKM»ri a. toe nt 
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alcohol yields from corn maslics saccharified by bran preparations made 
from selected strains of molds. 

Production. — Mold bran may be produced by laboratory, pilot-plant, 
or commercial methods, some of which are described below. 

Lahoratortj il/cf/iods.— The present discussion ^W11 Ihj confined to a 
drum, a pot, and a tray method for preparing mold bran. 

DnuM METHOD, — Sporc cultures arc prepared in flasks to serve as 
inoculums for the moist, sterilized bran in drums, in accordance with a 
procedure devised by Underkofler, Severson, Goering, and Christensen.' 
Table 11 — Effect of Saccharification Temperature and Time on Alcohol 


Yields from Corn Mashes S^ccharifibd by Sei-eral Mold-brak Preparations' 


Mold used in mold-bran 
preparation 

Sacchariflention 

Mold bran 
ns per cent 
of com 

Alcohol yield 
as per cent of 
theoretical 

Tempera- 
ture, *C. 

Time, 

hr. 

Atpergillus cryzae (A T.C C No. 

30 


4 

88 5 

4814)* 

30 


0 

91.5 


30 


8 

91.3 


• 55 


4 

87 0 


55 


6 

88.4 


55 

1 

8 

89 5 


55 

2 


86 1 


55 

2 

6 

88.0 


55 


8 

89 5 

Aapergillus oryuie (Hohm and 

30 

1 

6 

94 5 

Haas No 38) f 

30 


8 



55 

3 

C 



5.5 



93 7 

Rkizopus oryzae (Lockwood No 

30 

HH 



G60)t 

30 

55 



93 0 


55 



D4 0 

Rhizopus delemar (NRRL No 

30 

HH 


92 5 

1472) § 

55 


“ 1 

_ ^ 


1 Hao. L C , E. I FPLUER, and L A UwD*B*OFLeR. M Eng. Chtm , 38 . 814 (1943). 


• American Type Culture Collection, WaalungtOD D. C. 
t Rohm and Haas Co . Bristol. Pa. 

J Dr. L. B Lockwood, U S Department of Agriculture 

} Northern Regional Research I.abor»tory, U.S Department of Agriculture, reo , 

Ten-gram amounts of the following medium arc distribut^ in 25^^^ 

flasks and sterilized in the autoclave; 10 g. of ground corn, ^ 

bran, and 60 ml. of 0 2 N hydrochloric acid containing 0- P-P* 

* Underkofler, Severson, Goerino, and Christensen, loc at. 
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ZnS04-7H20, 0.C3 p.p m. of FeS04-7Hj0, and 0 OS p.p m of CuS04-5H.0. 
After cooling, the moist, sterilized bran is inoculated with a culture of 
A. oryzac. The mixture is then distributed on one side of the flask and 
incubated at 30'’C. After sporulation has reached a maximum, rapid 
drying of the culture is encouraged. Tlie dry spore culture should be 
greenish in color, according to Underkofler and his as.soc'iates, and not 
bro^^’n or black. The ratio of the inoculum for moist, stei ile bran is about 


1 per cent. 

The well-sporulated bran culture thus prepared is used to inoculate a 
much larger charge (1,000 to 1,200 g.) of sterile bran of similar moisture 
content contained in a drum of 5-gal. capacity and capable of being 
rotated. During operation, air is passed sIoA\^y into the drum, which is 
maintained at a temperature of about SO^C. preferably (never above 
SS^C.) to favor the growth of the mold. During the germination period, 
the drum is rotated for 15 to 20 min or less each 2 hr. Thereafter, the 
drum may be rotated continuously at not more tlian 1 r p.ra. until, at the 
end of 40 to 64 hr., the moldy bran is removed from the drum. It is then 
spread thinly on a papered surface and dried at room temperature. 
Sporulation proceeds during the drj'ing Before being used, the dried 


product is ground in the same manner as malt. 

POT METHOD.— Hao, Fulmer, and Underkofler* developed a laboratory 
method for the production of mold bran in 1943 which they stated was 
superior in the following respects to the drum method used earlier. The 
equipment required less space and was less complicated; the mold myce- 
lium was not disturbed during growth; and uniform aeration was 
obtained. Furthermore, the molds grew more rapidly m the pots and t le 
resultant mold bran produced relatively consistent and higher yields of 
ethanol. The method consisted of growing selected strains of molds on 
wheat bran mash in 3-qt. aluminum pots especially equipped for aeration^ 
The apparatus, a modification of that u^ed by Berosford and Christenn n, 
is shown in Fig. 10. 

A detailed description of the pot method follows. ^ 

A bran mash is prepared by mixing 750 g of 0.3 X liydrorhloric acu 
^ith 750 g. of wheat bran. Tlic moistened bran is park^l into tne 
aluminum pot and sterilirccl witli steam at 15 lb. pressure for . mm 
Tlie mash h cooled and then inoculated with 5 to 10 g of a we -siw 
lated culture of the mold (usually a strain of A. oryzar) w urh 
p-own on w heat bran in flasks as dcscrilied nho^-e The j-ooiUhI bran . - 
i^ packoil firmly into the spcci.al pot, the Latter Isdog pt.ace<l on n I.a>er o 
cotton baiting. Tl.c pot is incuktled at SO^'C. hut the temi>emturc 


' H^o, rri.Mrn. nn<! UvernKoruR. rtt 
* llrnr«FORi> amt CjTRun’M'f x. toe. eil. 
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and at such a rate that f *“ 3 in. of rater 

continued for \2 to 24 hr Jongcr^nd th^i is kept below ds^C. Aeratfonls 
the pot, spread uniformly ™ 

temperature. ^ ^ permitted to dry at room 
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1,500 ml. of ethanol to 500 g. of bran and 500 g. of n-ater. The alcoholic 
extract is removed with a hydraulic press. The resulting dried, ground 
pi css cake is known as “ Polidaso-C.” 

Pilot-plant Methods . — These are concerned principally witli problems 
of converting laboratory procedures to plant-scale operation and are 
I)a,=cd on the report by Underkofler, Severson, Gocring, and Cliristen'-'cn ’ 
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ELEVATION 

“Cookfr dtftnil [CourlttuofL. A Vn<lrrki>ft<r.G U .'irtfrsnn K J anJ 

^ M. ChrUltn*tn, Cerral Chftn . 34 (Xo. 1) I ] 

stixjVG, STiiiiiuzixo, cooLJ^G. — TIicM? oiK*rj»tions were «re«)mp!i-'he<l 
m a .‘.peeial cooker (refer to Fig. II), which ron'-i'>(od of a covertnl mixer 
^'ith facilities for iniccting ^team. TIic mixer was IS in in diameter nn<l 
^ ft. long. It was nondirectional and when operate<l at a speed of 
*‘-P.m. agitated the bran mixture efficiently. A row of jets at the l>Qtlom 
the cooker admitted steam for Merilicition. 

operation, the bran (in SO-lh liatch<*s) was mixed wiilj an acid- 
solution in the six-ci.il mixer, “sterihreil” by the injvolion of stixam 
for 30 min , and agilatctl conliiimiu-ly. A final moisture content of 
* t si'tftKorLrn, S<r>» asos. fJoi «i>«. *»i«l \w s, /»■<• ni 
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about 51 per cent Tvas obtained by ITnderkofler and his collaborators* by 
adding 1 part of acid (0.2 N HCl) containing double the desired amount of 
mineral salts to 2 parts of bran. Previous studies had established the fact 
that practical sterilltj' of the acid-moistened bran could be obtained by 
heating it at 93 to 99®C. for 15 to 30 min.; that butyric acid bacteria, a bad 
type of contaminant, could be eliminated; and that the few’ surviving 
mold spores caused no serious difficulties. 

Cooling Tvas accomplished by blowing 
air through the mass, with the mixer in 
operation, until its temperature reached 
about 35®C. 

The moist bran was inoculated by 
blow'ing a spore culture onto the mass and 
continuing agitation of the mixer. 

i.vocuLWi DEVELOPAfEXT. — The inocu- 
lum, or spore culture, was prepared in 
special galvanized iron pans, measuring 24 
by 35 by 4 in. and equipped with covers 
containing a central air inlet and air out- 
lets at each corner (refer to Fig. 12). 
These pans were especially designed to 
provide adequate aeration of the culture, 
optimum thickness of the bran layer, 
and some control of the humidity. 

Each pan received 4.5 lb. of the 
standard corn-bran-acid mixture (refer to 
p. 70), which was uniformly distributed 
to form a layer about 0 5 in deep The 
pans and their contents w’ero sterihz 
iv-ith steam and cooled The moist bran 
was then inoculated with mold spores and 
incubated at 32°C. in a constant temperature cabinet. Air at a rate o 
1,200 to 1,800 ml. per min. and at a temperature of 30 to 32 O. wa 
admitted to each tray through the central inlet. When sporulation wa 
at an optimum, usually at the end of 4 or 5 days, the cover of the pan w ^ 
removed and the culture was allowed to air dry in the cabinet uring 
period of 24 hr. y j 

INOCULATION' METHODS. — Ubderkofler and his coworkcrs stu ^ 

uses of mycelium and of spore inoculums. Mycelium inocu 
used, but were inconvenient to handle and tended to become 
taminated for further use after two or more transfers. ».porc mo 



Fig 12 . — Inoculum pan, ICGur- 
tesy of h. A V nitTkoJltr , G 
Severson, K J Goenng, and L, M. 
Ckriatensen, Cereal Chem. 24 (No. 
!)• 1 (19I7).J 
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proved to be very satitfactory and as little as 0 04 per cent of dry span, 
0 mr e'en f ? HoB'Cver, an inoculum consist, ns of 

onW L ‘ •n'**’' pdot-plant studies in 

“ Ktnsonable factor of safety against vanations in spore 

WcUDa-rioN MUTOons.-Underkofler, Severson, Goonng, and Cbrjs- 
ensen studied extensively a number of different incubation metliods m 
llicir search for a pilot-plant procedure that n oilld be rapid and piari „ ij 
ley oiind that the tray method ivas simple to employ, but that I here 




Jio n I- - HiNGEx^ 

j '■‘•H. (Cour/ft^ oft. A. VndrrkoAcT. G. M Snrrton. K J 

and L M. ChriUtnitn. Cmal Chtm . 31 (aNo. 1) 1 (1017) J 

Mcre^ proWems nssocj'atcd with the use of the large ntimlx'r of traj> 
^efimrcd. lj\ this method, it was not efficacious (o pile fhe irirH-uhittsl 
"■an jn layers over 2 in. deep in the pan«, for tlie mold did not grott 
'roiigliout the ma«!S in the deeper layers Since the tcm;)crnliin* of the 
commenced to rise in about 5 to G hr. after inorulation, 
iis ncee«>5ar3‘ at this point to commence ncnstlon of the mtavs with air 
■car y saturated witli moisture, 

• (Udics Were carried out iiring specially dc-iiignfMl ineulstticm wlb and 
. aeration. A’crticiil and inclined cells (refer to Tigs and 11), 
^nupi>o(l with hardwiirc cloth fnee-^, proaejl to lx* MtWnctors' U «a.s 
uund tliat the tempc’ratun* of inculKition and the muisture content of the 
'Wn ncro depeiulont variables. Tlie mold gren mast rapidly in the bran 
' 
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ncacid were used ivilli 10 parts of bn n tl • Nhydrochio- 

.^.. . w .. ,« .. ”*““=5 



moisture at the time it was placed in the incubator, 
mcubatmn apiwared to be advantageous. 

from tlie incubation cells, containing 25 to 30 
mojsture, may be dried in layers up to 4 ft. in depth in bins 
fcrtflor o through which dry air i& blown Under- 

srti r M ^ ♦ k associates' have pointed out that the air temperatures 
snouia not be m excess of about 45^0. (IJS^F.) if senous Josses in amyJo- 
Jytic activity were to be avoided 
‘ Ilnd 
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SenxiconimeTcial Production Methods . — ^/Vn instnllation for producing 
mold bran on a scmicommercial scale was constructed at the alcohol plant 
of the Farm Crops Processing Corporation (Omaha, Xeh ) A cooker of 
similar design but somewhat larger than the one described on p 73 ^^as 
used. Primary incubation was carried out in inclined rrlN, sccondarj’ 
incubation in closed bins containing bottoms of perforated metal Diffi- 
culties were encountered in connection with the usage of the primvtrs 
incubation cells, for air control ^^’as found to be critical .and tempeiaiuro 



control vorj- difficult to achieve In addition, ^ 

ercafed air leakages at the top of the cells, ^le mold hn P 
IhN unit with careful control wns fair tn quality. nrocrthire for 

Wiilc the first unit was in production, a ^ 

handling trn>-s was devised, which led to the con- nn; i 
'»tor room (refer to Fig 15). Traj-a. measuring 
hinge<l lengtln\i'C in sueh a m-annerlhat the fron eo < ^ 

for dixcharging moM bran and rai^cl for H,pplie<l 

"w-pended in a special incubator room constructed ot me n 


‘ Hi'i. 
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with air ducts for circulating humidified air at the proper temperature. 
The secondary incubator, previously used in the first unit, was employed 
to dry the mold bran. The difficulties concerned with control were 
absent in this unit. Likewise, mold gro^vth was rapid and the qualify was 
uniformly good.' 

(7ommcrciat PToiuction Method .^ — Wheat bran and dilute hydrochloric 
acid (0.1 to 0.2 N) are mixed and heated to I00°C. with direct steam, at 
which temperature the mixture is held for 30 min. with continuous 
agitation. The temperature of the cooked bran is reduced to 32 2'’C. 
(90°FO through the use of a stream of air. Spores of A. oryzae are 
thoroughly mixed ndth the bran, which contains approximately 50 per 
cent moisture and has a pH of about 3.5. The inoculated bran is dis- 
tributed rather uniformly on swinging trays (arranged to facilitate easy 
filling and removal of the mold bran) in special largo-sized incubators. 
Humidified air at the proper temperature is caused to flow over and under 
the trays until the maximum amount of mold growth has taken place, 
which generally requires about 3G hr. The mold bran thus prepared is 
dropped from the trays and air-dried to a moisture content of oppro.d- 
mately 12 per cent. One commercial product is sold under the trade 
name of “Eaglezyrac.” 

Preparation and Saccharification of Mashes. — Mashes may he 
prepared with or without the use of acids, enzymes, and steam under 
pressure. A description follows of some of the methods now used in the 
laboratory or on a commercial basis. 

Method of Hao, Fulmer, and Underkofler.^~^iKty grams of corn meal 
and 300 ml. of 0 04 N hydrochloric acid are placed in a 500-mI. J3rlen- 
meyer flask and thoroughly mi.xed. The starch of the corn is gelatinized 
by heating the mixture (with occasional agitation) over a low flame or on a 
hot plate 

The mash is then placed in an autoclave and treated ivith steam at a 
pressure of 20 lb, per sq. in. for 30 min. The pH of the cooked and 
sterilized mash is adjust^ to 4.5 to 6.0 with sodium hj’droxide, 
carbonate, or calcium carbonate. The mash, at a temperature of 30 C., 
is placed in a mixer and mold bran is added as a slurry in water. After 
agitation for 1 min., the mixture is returned to the 500-inl. Erlenmeycr 
flask and incubated for I hr. at SO^C. for saccharification of the solu o 
starches. A higher temperature (55'*C.) and I'arying times (1 to 3 nr.) 
were also used in some experiments for conversion. (Hao an 3^ 
associates inoculated a mash of the size mentioned above with SOral.o a 

* 

* BorcR and UNoEBeorLBR, toe cil 

*Hao, Fulmer, and UnderkoflBb, loe. at 



sAccHARm-mo Aamrs. methods of production and uses to 

*’• “ 10 pw crat malt extract 

Method of Roberts, Laufer, Slewarl, aru! Salelan.'~T\^o elMoront tvne. 
rf machea „-em used by Roberts and his associate, xLte me dl S 
Olv un ec the headings of pressure mashing and ntmosphenr 

co”c ‘Sr n •’“■-'^0 -<«> »'• of -tc? which 

hclf a th ® “■® S- o' ‘‘'y “Ol'l !>«" 'I'la- ,s 

hr mlh Ao *™peran,r,. „ ,s hcM 

a IS-min '„? ? °f •'>0 ttioa raised to D.rc ilurina- 

the tLoetf 1°'' * ^''' “ Prassure of 20 lb per sq. in anil cooled to 

temperature of conversion, 

Prestrrrm!‘f).“° TIi'S procedure is identical «ilh that of 

to (db T 'I <’>•'*>■“ 5 mm ; 

to the saccharification temperature. 

f"'®'* ““f "■ H'P'tl I't-tn 

— thp I • f ^ slurry in a concentration of 2.5 to 4 per cent 

saccharifying agent is always main- 
Tiie rf • ^"t ^ ^^**'*^* thcsacchari/lcation lomperaturc. 

hoJdin r* ttdded to the mash and sacchanfication ciTected by 

6 1 or 30 min. at the specified saccharification temperature. 

.ilfediod. — Underkofler, Severson, and Ooering* have 
planf ^ mold bran on a commercial ba'sis at the nloohol 

The Crops Procc.‘!sing Corporation, Omaha, Nebraska, 

follows*^ saccharifying the mashc.s was as 


hij ) i** ground and prepared n.s a sliirrj’, U'^ing ISg.al. oriitjunl j>pr 

conV^ ° at 43‘’C. (110°F.). The sluirj' is passed tlirougli pro- 

hv temperature is raisc<I to approximately OTj^C. fl50®F.) 

injection of steam. It is then cooked for 5 min. at IGO®!'. 
^ ..) at a gauge pressure of 120 Jh. Tlie (rmpemture of the coohisl 
pres.« *'^^^nccd to 77^C. (I70*F.) l>y flashing the mash through two 
Ure-rctlucing chambers, one at a gauge pre.s.surc of 10 Jh. and ilie 
»'Wumior vacuum. 

corrw*^ ^"‘an i.s prepared with cold water ns a hhirry’ cont.sining llie 
*/u .^.'^^^^^ntration (usually 4 ikt rent) for snreharifiention. Next the 
rni^ nii'-ctl into n stream of hut mash, reducing the temjieratureof the 
^ nretoGl^C. (142®F.). The mittiirc is held for approximately 2 mm. 

I I.w’ri K, Sn:« ^kt. niut S»UT4V, foe ft 

*‘f'» ifKO»ii .S» \i R..OV, nn<l f*oi rin<i, /tte fit 
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jit this temperature and is then pumped through coolers to the fermenters 
where it enters at a temperature of about 28'’C. (82®F.). It requires 
about 3 hr. to fill a fermenter of 130,000-gal. capacity. About 30 min. 
after filling has begun, yeast is pumped into the fermenters. The 
temperature is maintained at a maximum of 35®C. (95°F.) in the fer- 
menter by the continuous circulation of the mash through e.xtcrnal 
coolers. Thus saccharification takes place largely in the fermenter where 
the initial pH is about 5.2 and the concentration 22.4 g. per 100 ml., or 30 
gal, of liquid per bushel of grain. 

Effect of Conditions of Saccharification on Alcohol Yields. — The 
method used in preparing the grain mashes, the pH and concentration of 
the maslies during saccharification, the nature and concentration of the 
mold bran used, the temperature and time of saccharification, and other 
factors, exert an important influence on the subsequent fermentation and 
yields of alcohol obtained Several of these factors have already been 
discussed m the preceding paragraphs. Some additional information will 
be presented now. 

Roberts and his coworkers’ found that maximum alcohol yields were 
obtained uith mold-bran saccharification when the mashes were cooked at 
atmospheric pressure. 

Naturally there is no one pH value that is optimum under all condi- 
tions of saccharification However, the use of a pH somewhere in the 
range of 4.5 to 5.0 is usually suitable for saccharification, as it favors 
particularly the activities of the amylolytic enzymes, or-amylase and 
/5-amylase, 

The concentration of mash at the time of saccharification depends 
upon the method used. The weight of gram usually represents about 10 
to 20 per cent of the weight of the total mash, 

Hao and his associates* concluded that saccharification of corn mashes 
for Z hr, at 30®C. mth raold-bran preparations was as satisfactorj’ a.<5 
emplojdng 1 to 3 hr. at 55®C. (Refer to Table 11 on page 70 ) 

The usual concentration of mold bran employed for saccharification 
ranges from 2.5 to 4.0 per cent, depending upon the amylase activity of 
tlie product. A 4.0 per cent concentration based on the weight of grain 
used appears to produce most satisfactory results in terms of yields of 
ethyl alcohol. 

Roberts and his collaborators’ shoM’cd that mold-bran saccharification 
at 30*C. was equal to or slightly better than at 52.5®C. both in the case of 
mashes cooked at atmospheric pressure (66®C.) and in the case of those 
cooked with pressure (125*0.). They also demonstrated that the pre- 

* Roberts, Laufer, Stewart, and Saietan, loc . ctl . 

*Hao, Fulmer, and Undebkofleb, loc eii . 
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malting of mashes with barley malt increased their liquefaction but did 
not rcsvilt in improving the yields of alcohol over those saccharified with 
only 3 to 4 per cent mold bran. 

Comparison of Mold Bran with Malt as a Saccharifying Agent — The 
most suitable means for evaluating amylolytie agents is based upon 
comparisons of the yields of ethyl alcohol recovered from the sacchanfi«l 
grains. A number of such comparisons have been made. A few typical 
results and conclusions arc included below. 

Table 12 shows the results of plant-scale tests of mold bran at the 
Farm Crops Proeessing Corporation, Omaha, Xeb In tlie tests cited, 
mold bran was used as a replacement of supplemental malt in preparing 
ycjist culture mashes, with the result that the yields of alcoliol were 
increased. This use of mold bran has resulted nUo in a reduction of the 
time required for lactic souring (t.e., acid production by lactic acid 
bacteria) and higher yeast counts.’ 


Tabce 12— Umicts Of Pl\st-sc«r Tests of Moio Bras' 


No of fer* 
larnters 

IVr cent of pare h»n- 
f.vuiR agent in 
fermonicr tnadies 

! 

per cent ol aarrhaiibing 
agent m yeast eulturc 
mash« 

Av. alcohol yield/ 
Ptatnlard bii. 

1 

( rroof. 
Ril 

iwv 

prnof, 

gal 

2'^! 

to malt 

22 malt 


2 51 

817 

0-10 mall 

R (5 malt + t 3 moM bran 

5 1" 


0 

4 mold bmn ' 

8 0 mall + 13 mold bran 

5 21 

, 2 70 

12 

0-10 mall 1 

8 r» mall +43 mold bran 

5 ir> 

2 71 

7 

'3002 malt + 

8 6 mail + t 3 mold bran 

f> 2f. 

2 77 


2 2 U U mold brnii 

i 



12 

0 10 nmlt 

8 f» mall + 1 3 mold bran 

5 23 

2 7.5 


> l')it>iiiKorl.Km L. A C M <‘tTSk«o'i ait.l K. 1 OocMka fnil Fnt Cirn. II.OAOd'XC) 


Table 13 hhow.H re-u)ls obtaimsl by Itolierls and his ns-oi'btcs ij«jng 
different quantities of malt and mold bran as the sjiccharifying agents for 
eoni, two kinds of wheat, and two kinds of granular whe.at flour. Tlie 
ma«hes were jirepareii as imhcatotl in the previous section winch was 
eonrerned with (he preparation and Baccharifieation of ma‘-hes. 

A Comparison of Mold Preparations as Conversion Agents. — Ihio and 
Jump’ have compartsl some erode, mternifslinte, and purifiotl jnol<i 
preparations for llieir conven-ion eflineneies and yields of ctlmno! from 
com tna-h Tlie preiEsrations iisrtl bj' tlirm are Iteloil in Table 14. Tlie 
* CsornKorErR. StA-tiisoN, and (•<iEiti\n, for cU 
ItAO, K r . and J A Jvmt. Fn^ CA»m ST: 521 (1915,. 
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Table 13. — Yievd op Alcohol in P»oor Gallo.v^ per 100 Lb. or Grain o.vPnr 
Baris*-* 


i 

1 

Saccharifying agent 

* Con- 1 

temp 

“c ! 

^Com, 

IViater wheat 

1 

1 Spring wheat 

1 

I Winter granu.* 
jiai wheat fiuQT 

Spring grasulac 
wheat ftcur 

Pres- 

' Prc«- 

> sure 

1 

j PlCS' j 

Atmo^j 
phene j 

Pres- 

sure 

Atmoa- 

phene 

Pres- 

p!,™ 

mah . . 

57 5 

to 37 

10 05 

■M 

i 

0 08 , 

9 33 

11 35 

ft 19 , 

11.68 

10 00 

I ?i malti + S fi mold 











hraa . . 

S2 S 

10 36 

S '12 

10 45 

0 Oi { 

10 00 

11 89 

12 25 

11 67 

12 17 


30 0 

10 34 

0 57 

10 35 

0 80 

1 lO JO 

11 3$, 

12 39 

11 87; 

12 42 

2.Sf, maid bras 

52 S 

10 12 

7.78 

9 52 

8 S5 

[ 10 23 

11 02j 

12 16 

1 11 2ll 

[ 12 13 


30 0 

10 43 

9 58 

9 52 

9 38 

1 JO J8 

JJ.19| 

12 22 

1 II 86i 

[ 12 43 

mold bran 

52 5 

10 50; 

7 06 

10 10 

9 24 

1 10.35 


12.42 


t 12 39 


30 0 


. 1 

10 34 


1 




' 12 24 

i ?« mold bran 

S2 S 


1 

10 17 


t 0 D7 


12 40 


12 70 

3 fa wet mold bras* 

32 5 

0 03, 

J 

10 25 


1 0 73 


f 12 47 


' 12 35 


30 0 

to 21| 

J 

0 83 


! 0 SO 

! 

1 a 06 


11 68 


* HoasKTS, M . 8 Lapkr, E 1> BjtvrAtiT.tnH L T SALtrAH. Ind. Sng Chem , Sf.'Sll (JW*L 
t Vietils are (orreet«<j lot aleoliol p/odii<^ from malt Alcohol {rois mold bran u nesItgibJe All 


jieMs aro a^erascs ol two or mor« r«!«i)ea 
f Far rranultmg. 

* Sample coatamed SO per cent mouture. iherelore. S g wert 


Table 14 .-— Sources op 
IVamc of Sample 
Bacterial amylase I 
Bacterial amylase 31 
Bacterial amylase JJI 
Afold bean I 
Mold bran li 
IlHozynie 
Maltase No. 20 
BHozyme Intermediate 
Maltase Intermediate . 
Ccmvmymc No 503) 
Converzyme No. 505 / 

Converzymo No. 811 
Polidase-Cj 
Polidase-S / 

Diatane type 1211 1 
Diatane B-lQ f 
Tal{a-t>iastase 
AJase 

Crj'Stazyrae 

• JI.40. L C . and J A Jvat. Jnd Bne 

• Nsmeo/ producer not revealed because 


MjcBOMAL AitELASE PbeparatioKs* 

IVoducer 

Wallerstein Co., Inc. 

t 

Frederick Stearns & Co. 

B aUcrstein Co , Inc. 

Kobm & Haas Cb., Inc. 

Joseph E. Seagram & Sons, Inc. 
(lab preparation) 

Schn»r* Lab., InC. 

. Jeffrey ta-h- 

pitke, Pavis & Co. 

Takamine Lab. 
fVedenck Steams & Oo. 
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mashos contained, in addition to the conversion agents, 91 parts of corn 
and 1 part of liquefying material (malt), unless othcn\i«ie indicated. 

As a result of their studies, Ilao and Jump made the following con- 
clusions; All the crude mold-amylase preparations studied (ConverzjTncs 
503, 505, and 51 1 ; mold brans 1 and II ; Diatane T-121 1 ; and Polidase-C) 
were efficient agents for converting corn mash, the conversion efficiency 
l)cing higher than that of malt hut the jdelds of alcohol being about the 
same. The intermediate mold-amylase preparations were excellent 
agents for conversion and produced thinner mashes than malt and crude 
amylase preparations. The conversion efficiencies and >nelda of alcohol 
(ba^-ed on total grain) were higher with A parts of Rllozyme Intermediate 
or 6 parts of Afalta-so Intermediate than with S parts of malt. Tlie 
purified mold-amylase preparations (UIIozjTne, Maltn«c Xo 20, Taka- 
Diastase, Polidasc-S, Alase, and Crj'stnzjTne) were also evccllcnt con- 
version agents, 0.25 to 1.5 parts of tlie agents producing satisfactory 
cimvorsion. 

The value of mixing malt with mold-amylase preparations may l>c 
aveertained by reference to Table 15. The value of hydrochloric acid as a 


Taiilr 15 — CoitPAiuxov OF Aixxiiioi. Yif.li)s mou CoRS-M^sii-coNTr.nTit> Parr^- 
HATioss AsnlPrn Ckst Mai.t' 




Mo.-'h compo«ition, 


Vicid, proof gal 



«t ratio* 

('onvrrsion 

bu., liavil on 

Uiin 

No 

Cnnvprvina 
material 1 





Convrrsirtn 

' I jqiicf) ing 

cnifirncy, 

percent 


ToIaI 




1 (malt) 




ail 

Malt 

8 

1 

BS r, 

5 80 

I :> 73 

702 

Dintanp T-121 1 

5 

1 

!>0 0 

6 03 : 

1 5 7t 


(rnntroll 






731 

1 Diatanc T-1211 
tMnll 

?) 

I 

01 0 

) 

r> 20 

! 5 01 

711 

f Diatniic lUlO 

1 M.aU 

1 

. ' 

Ot (1 1 

0 21 

.1 OS 

73.1 

^ Diatanc ll-IO 


.T 

00 .1 

r. 37 

r. M 


'Ilao I. < ■n<l 1 A Jmr ltd CAam.. IT. Sjl (ivm 
' VI i«iru mm m mrli rft«r 
* Conr^nlratr.! krdmrhluric 


liquefying agent is aNo mdiratei! (Tlie diwlvantagc of u-ing and for 
thw puri>o'<' lies in tlie fact that the madi mu'^t Ik* ncutnilir«'<l Indon* (lie 
r(mvcn.um agent m addcil ) 

llao and Jump* nqwrti*'! tlmt the aridition of the niolil-amyla-'A* 
• lUo. I. (• , nnU J \ JiMP./n-t . 37: .’>SI Il'M',) 
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Table 13. — Yield of Alcohol m Proof Gallons per IOO Lb. of Grain on Dry 
Basis' * 


Saccharifying agent 

Con- 

temp . 

•c 

Corn 

tVinter wheat 

S|>nng wheat 

Winter granu- 
lar wheat Oour 

Sj>ring granulsr 
wheat flour 

Pres- 

Prea- 

Atmos- 

Pres- 

t’k”’; 

Pres- 

phene 

Pres- 

Atmos- 

8 % malt 

57 5 

10 37 

10 05 

9 37 

9 68 

9 53 

11 69 

11.19 

11 58 

10 90 

1 % malt* + 2% mold 











bran 

52 5 

10 3S 

8 92 

10 45 

9 <H 

10 09 

11 89 

12 25 

n 67 

12 17 


30 0 

10 34 

9 57 

10 35 

9 80 

10 10 

11 35 

12 39 

11 87 

12 42 

2 S% mold bran 

52 5 

10 12 

7 76 

9 52 

8 85 

10 22 

11 03 

12 15 

11 21 

12 13 


30 0 

10 43 

9 5£ 

9 82 

9 38 

10 18 

11. ig 

12 22 

11 66 

12 43 

3 te mold bran 

52 5 

10 50 

7,96 

to 10 

9 24 

10 35 


12 43 


12 39 


30 0 



ID 34 






12 24 

4 mold bran 

52 5 


• 

10 17 


0 97 


12 40 


12 70 

3 “e wet mold bran* 

52 5 

0 OJ 


10 25 


9 73 


12 47 


12 35 


30 0 

10 2i 

_J 

9 83 


9 20 

• 

n 98 


n 88 


> Robcrta. M., S.LAQrER. E. D. STE«AftT. and L T SAtCT*w,/nrf Enj CA»m . 38-811 (1P44) 

* Yields are corrected lor alcohol produced from malt Alcohol Irora mold brsn 1« neelifible. All 


yields are avecasea of t»o or more results 
* For premaUiDS 

< Sample contaioed SO per cent moisture; therefore. 0 g. were used. 


Table 14. — Sources of Microbial Asiylase Preparations’ 


Producer 

i 

Wallerstcin Co , Ine. 

Frederick Stearns & Co. 
Wallerstcin Co., Inc. 

Rohm & Haas Co., Inc. 


Name of Sample 
Bacterial amylase I 
Bacterial amylase 11 
Bacterial amylaao III 
Mold bran I 
Mold bran II 
BHozyme 
Maltase No 20 
Rlloxymc Intermediate 
Maltase Intermediate / 

Converzyme No 503 1 
Converzyme No. 505/ 

Converzyme No 611 
Polidase-C> 

Polidase-S / ‘ 

Diatane type 12111 
Diatane B-10 / 

Taka*Diastaae 
Alase 

Crystazynic 

I Hao. L C . and J A Jvup, Ind Env CAm., ST, 52l (W45) 

» Name of producer not revealed because oflinuted supply o’ proou'^ 


Joseph E Seagram * Sons, Inc. 
(lab preparation) 

Schwars Lab , Inc. 

Jeffrey Lab. 

Parke, Davis & Co. 

Takaminc Lab, 

Frederick Steams i Co. 





SACCIIARIFYIXO AGEXTS- METHODS OF PRODUCTION AND USES 83 


inashcs contai^^(l, in addition to the conversion agents, 91 parts of corn 
and 1 part of luiuefjdng material (malt), unless otherwise indicated. 

As a result of their studic.s, Hao and Jump made the following con- 
clusions: All the crude mold-amylasc preparations studied (ConverzjTncs 
503, 505, and 511; mold brans I and 11; Diatanc T-1211; and Polidasc-C) 
uere efiicient agents for converting com ma-sh, the conversion efficiency 
l>cing higher than that of malt hut the yields of alcohol being about the 
same. The intermediate mold-amylase preparations were excellent 
agents for conversion and produced thinner mashes than malt and crude 
amylase preparations. The conversion efficiencies and jields of alcohol 
(based on total gram) were higher mlh 4 parts of RIIozjTne Intermediate 
or G parts of Malta-so Intermediate than with 8 parts of malt. The 
purified mold-amylase preparations (Rllozymo, Mnltasc No. 20, Taka- 
Diasta«c, Pohdase-S, Ala«e, and Crj'stazyrne) were also excellent con- 
version agents, 0.25 to 1.5 parts of the agents producing satisfactory 
conversion. 

The value of mixing malt with mold-amylasc preparations may lie 
a«eertaincd by reference to Table 15. Tlie value of hydrochloric acid as a 
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preparation at intervals increased the efficiency of couvejsion and the 
yield of ethyl alcohol by 1 to 2 per cent. About three-fifths of the 
preparation was added at the conversion time and tlie remaining portion 
after the fermentation had proceeded for 20 hr. 


SUBMERGED-CULTURE PRODUCnON OF MOLD AMYLASES 


Considerable interest has been sliomi recently in the production of 
fungal amylases by submerged-culture methods. These enzyme products 
are manufactured on the premises for use as a malt substitute or supple- 
ment in the conversion of grains for such purposes ns the production of 
industrial alcohol. The amylases arc generally used without concentra- 
tion or purification and may bo produced on a number of media. 

Production. — The production of fungal amylases by submerged- 
culture methods has been studied by Ralankurn, Stewart, Scalf, and 
Smith;' Van Lanen and Lc Mcn‘?c;* Le Mense, Corman, Van Lanen, and 
I.AngIykke;* Adams, Balankura, Andreasen, and Stark;* and others. 

Production involves growing a high amylase-producing strain of mold 
in a suitable medium under controlled conditions of temperature, pH, and 
aeration. 

Organisms Used — Van Lanen and Ix> Mense,* and Le J^fensc and 
associates’ studied the production of amylases in a tliln stillage medium 
by 307 cultures of molds, which included species of the genera PenirilUum, 
Aspergillus, Rhizopns, Mucor, and Monilia. Only 10 per cent of the 
SO cultures of the genu.s PemcilUum examined demonstrated dc.xtrinizing 
activity and this was of low order. Cultures of the genera lihxzopxis, 
Mucor, and Monilia produced either very little or no dc.vtrinizing enzyme. 
Greatest activity was obson’cd in cultures of the genus Aspergillus. Of 
278 cultures studied, 34 produced the dextrinizing enz^'me. Highest 
concentrations of this enzyme were produced by strains of A. nigir, A 
oryzae, A affiaccus, A. focUdus, and A. wcntii. Some strains of A ntger 
produced both dextrinizing and saccharifying enzymes. Among 
was .4 . niger NRRL 307 which cxliibitcd the greatest potency of any of the 
cultures examined by the Northern Regional Research Laboratorj ^oup 

Media . — Various media may bo used for the production o unga^ 
amylases by submerged-culture methods. Le Mense and his associates 


‘ BALA-NKcnA, B., F D. Stewart, R. E. Scalf, and L. A. Smith, Jour. Bad., 61 
f.Vo 5). 594 /1910). , ,, 

* Van Lanen, J. it., and E. H. Lc Mense, Jour. Bad., 61 (^o 5): 595 (1940) 
»Le Mense, E H, J Corman, J. it. Van Lanen, and A F Lanoltkke, Jour 
Bad, Bi (No. 2): 149(1947). . „ „ j i 

< Apams, S L, B. Balankura, A A Andreasen, and V H. Stark, Ind. E g 
CTem, 39: 1015 (1947). 

‘Lb Mense, Corman, Van JjAnen, and LancjltxkB, loc. cil. 
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used a medium that contained thin stillage (a prodi:ct of the alcoholic 
fermentation of corn and sorghums), 2 per cent of corn meal, and 0.5 per 
cent of calcium carbonate. The culture liquors obtained after growth of 
the mold for 3 to 5 days with continuous aeration were satisfactorj’ 
substitutes for malt in the con^'ersion of corn mashes. 

The relative values of other media for the production of the dex- 
trinizing enzyme by A. niger XRRL 337 are indicated in Table 10. 


Table 10 — The PronucrioN or Dexthin'IIino ENZTsm tty Asperffilliu ntger 
NRRL 337 Cei.TrvATEn is Vabiovs Media*-* 
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better than stillage for mold amylase production. Tlio pH of tliis 
medium was adjusted to 5.0 with calcium carbonate. Adams and his 
collaborators reported tiiat the mold amylase produced in this medium 
could be used instead of barley malt, and that tlie yield of ctliyl alcohol 
was actually 0.2 to 0.3 proof gal, per bu. of grain greater than when malt 
was employed. 

Conditions of Production. — IjO Monse and his associates* dispensed 
50-ml. amounts of medium in 200-mI. flasks and 200-ml. amounts in 
I-liter flasks, njese were sterilized with steam for 30 min. at 20 Jb. 
pressure. After cooling and inoculation, they were incubated at 30°C. 
and shaken continuously in a Kalin-type slmker (ninety 3-in. strokes per 
min.). 4-litcr amounts of medium were uj-cd for aeration studies in 


8-liter Pyre.x cylinders, which were equipped with air spargers built of 
perforated aluminum tubing and had aluminum plate lids. These con- 
tainers plus their contents were sterilized for 1 hr. at 25-ib, pressure. 

Adams and his collaborators* sterilized 1-liter portions of their 
medium in 2-htcr, cono-shaped flasks In building up the inocvihim, the 
medium was inoculated the first time nith 2.0 per cent by volume of a 
sporulated culture (grown by surface method) of ..-I. niger XI?I?L 337. 
The flask was incubated at 30*0. in a water bath and the contents were 
aerated for 24 lir. with 0,2 cu. ft. per min. per liter of air, using an Aloxite 
sparger. Thereafter the mold culture was transferred serially through a 
number of 24-hr. submerged stages (usually two), using 0.5 per cent by 
volume of inoculum for each succeeding mash The final stage was 
aerated for 48 hr. 

Methods Used for Evaluating Submerged Fungal Amylase Prep- 
arations,— These arc concerned with a determination of the de.vtrinizlng 
and saccharifying activities of the cnzjTnes and of tlic alcohol produced 
from grain ma-shes converted by them and sub.scquently fermented by 
yeasts. Adams, .Palankura, Andreasen, and Stark* made three deter- 
minations: <»-amyIase activity by the 30^*0. method of Sandstedt, Kneen, 
and Blish;® tlic saccJiarifying power by an unpublished method of Hao, 
and the alcohol yields by the method of Stark and his associates.* 
IVfense and his associates* determined the de.vtrinizing activity by t e 
method of Sandstedt, Kneen, and Blisli* (as modified by Olson, Evans an 
Dickson*) ; and the maltasc activity by calculating the increase m reduc- 

‘ Lg Mense, Co&sian, Van Lani^n, and iMNatrsKB, loc . at 


* Adams, Bai,ankuiia, Andreasen. and St.ark, loe . at . 

» Sandstedt, R. M . E Kneen, wid »I J Cereal Chem , 

* Stark, IV. H., S. L. Ada.ms, R E Scale, and P. Kou-iciiov, 


16:712 (1930) 
Ind Eng Chem , 


Anal. 16; 4t3 (1943). 

» Le Me.vse, Cobwan, V’an Lanbn, and I^anolVKKe, loe . al 
» Olson, W J , U Evans, and A H. Dickson. Cereal Chem , 


21:533 (1944) 
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ing power, found by Somogj’i’s method* after incubating a 10-ml. portion 
of culture filtrate with 20 ml. of a 1.05 per cent malto'^e solution for 2 hr. 
at 30°C. (The mixture was kept at a pH of 4.G by the addition of an 
“acetate buffer to the malto-^e solution ”) 

Mashing and Conversion Methods. — The method of Lc Mense cl al- 
was as follows: Into each of a senes of SOO-ml Erlenmcyer flasks were 
placed 49.5 g. of ground corn, 0 5 g. of ground barley malt, and 170 ml of 
tap water warmed to 70*C. The flasks were incubated in a w ater bath at 
70®C. and the mashes were stirred intermittently for 30 min. for pre- 
malting. The mashes w ere then cooked for 30 min. at a steam pressure of 
25 lb. per sq. in. and cooled to 75'’C. The mold cnzjnne liquor was added 
to the mash %\ith enough water to lower the temperature to 55 to 5G®C , 
at which temperature conversion was carried out for 30 min. with frequent 
agitation of the mashes. The same method was used for malt controls, 
except that 45 g. of corn and 5 g of m.ilt were used, 0.5 g of the latter 
licing for prcmalting and 4.5 g. for conversion. 

In the proccduio of Adams and his a'^sociates.* the grain to be con- 
verted (corn) was cooked for I hr at atmospheric pre««urc, autoclaved for 
another liour al 22 lb. prev^-ure, and cooleil to the temperature of conver- 
bion. SufTicicnt sulimcrged mold culture was added to the mash to 
rcprc‘*ent 10 per cent of its final volume. The ma«li was agitated for 3 
min. and cooled to the temperature of setting Ten per cent by volume of 
stillage was then added, and the pH was ndju-'ted to 4 S and the total 
volume to 38 gal per bu. of gram, 'flic mash was converted at a temper- 
ature of 145®F. 

Fermentation. — The corn ma«bes converted hy the methwl of 
Men*-!* and coworkors were inoculateil in the proportion of 2 per cent by 
volume with a 2l-hr. culture of di'>tillcr'' yea’ll (NIUU. Y5G7), after l>eing 
cooled to SC’C'., the temperature of fermentation The final volume in 
the fermentation fla«k was about 250 ml. in each cn^s?. 'llic fermenta- 
tion>> nerc allowctl to continue for 72 hr. 'Hie fermenlwl madieH 
nere made up to a volume of 300 ml , of which a 200-ml aliquot wa** 
di^tilhsl. In each in-stance 100 ml of di'-tilkite were eolkwtinl. 'flie 
alcohol content was a.^'ccrlaimsi by determination of the rcfnictive 
index. 

Yields. — Yields of alcohol obiaimni bv the pnKxxliirt' of v\t!.am’« nml ln>* 
av'ociatt*^ varied from 0 10 to 0 27 pr«Kif gal p<’r bu , as rom;>aml with 
5.9r> proof gal. per bu for the maIt-eon\crte<l conirul 

• SOMOOTI. M., Jour thol C^rm . ICO: 01 llOIM 

*!.»• Mrs-ii, urn! , l/>r nl 

*.\m\i« lUu^NKtR*. tximi »»i N. <•«* 
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Some Factors Affecting Amylase Production.— 12rb, WisthoiT, and 
Jacobs* investigated some of the factors that influence amyjaso prodac- 
tioTX by A. ntger NRRL 337. Tlw basic medium used by them v;as a 10 
per cent corn mash, acidified to a pH of 4,0 with sulphuric acid and 
cooked for i hr. at a steam pressure of 30 lb. The concentration of the 
medium U'as adjusted as desired, and calcium carbonate was added to 
bring the pH fo 5.3, Urea, in the proportion of 0.25 per cent, was added 
to each flask. The medium was distributed in 100-ml. amounts in 1-liter 
Erienmeycr flasks, sterilized, cooled, and inoculated with the spores of A. 
ntger NRRL 337 and shaken continuously at 30 to 32®C. for the desired 
period of time. 

It was found that the addition of small quantities of sodium chloride or 
potassium chloride (0,001 g, per 100 ml.) stimulated amylase production. 

Enzyme production was correlated with the concentration of the grain 
in the medium. When an incubation period of 90 hr. was used, the 
enzyme production of a medium with an initial concentration of 10® Brix 
was decided superior to that of media of $ and 0® Brix concentrations, 
respectively. However, based on an incubation period of 22 hr., the 
medium of C® Brix concentration possessed greater enzyme activity than 
the media of greater concentration. 

Sodium pentachlorphenate (Dowicidc G), in a coneentTation of 0.000 
to 0.012 g. per lOO ml. of medium, and ammonium bifluoride, in a con- 
centration of 0.015 to 0.02 g per 100 ml. of medium, m.ay bo used to con- 
trol b.actcrial contamination during amylaso production by A. ntger 
NURL 337, according to Erb, AVistholT, and Jacobs. Sodium penta- 
chlorphcnatc tends to inhibit or prevent sporulation of the mold. How- 
ever, low amj'lase production and sporulation m shake-flask cultures are 
frequently correlated. 

Action of Mold Enzymes in the Saccharification of Starch. — Gorman 
and Langlykke* studied the action of the amylol>*tic enzymes found in 
mold culture filtrates on the saccharification of starch. The action 
appeared to bo due principally to an a-amylase and to a glucogenic 
enzyme system. Little or no /d-amylase was observed in the mold cu ture 
filtrates. The action of t)ie fungal a-amylaso was related to that of lua 
d-ainylasc. The ot-amylase liquefied starch and formed destrms an 
maltose. The glucogenic enzyme Systran acted upon maltose, dextrir^. 
and starch and formed glucose. This system differed markedly from p 
amylase which produces maltose. The efficiency of sacchari ta ion 

I Erb, N. M , U. T. Wisthoff, and W. h. Jacobs, Jour Bad , 65 (No 6): 813 

* ComrAN, J , and A. F LAT/Gi.rKKE, Cereal Chem., 25 (No 3); IW (1948). 
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appeared to be more closely correlated with the activity of the glucogenic 
enzyme system than with the activity of a-amylaso. 

USE OF BACTERIAL AMYLASE PREPARATIONS AS LIQUEFYING AGENTS 
Bacterial amylase preparations may be used instead of malt for the 
thinning of cooked grain mashes in the production of ethyl alcohol, 
acconling to Ilao and Jump * Table 17 compares alcohol yields from 


Tadi-e 17. — CovrARisoN of AtcoHOL Yielm frou Corn Mash LiacEriED Tvmi 
Uacterial Amylase I*repar.ation's’ 
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Table 17 also indicates that concenfciatod hydrochloric acid was 
the most efficient agent for liquefying the mash, under the conditions 
employed, the conversion efficiency being 95.5 per cent when the sacchari- 
fying agent was Conver 2 ;jTne No. 505. 

THE AMYLO PROCESS 

This process is primarily one for converting starch to sugar by the use 
of selected molds, some of which have the ability to produce small 
quantities of alcohol from sugar. 

The grain to be hydrolyzed is soaked in W’ater for several hours to 
soften it. It is then mixed with appro.ximately twice its weight of water 
and heated at a pressure of 4 atmospheres to render the starch soluble. 
Acidification of the mash ivith 0.0 to 0.8 parts by weight^ of hydrochloric 
or sulphuric acid per 100 parts of grain facilitates the liquefaction of the 
starch. The sterilized mash is cooled to 40 to 38‘^C. and inoculated with 
a pure culture of a Mucor or a related mold. M rouxti, Rhizopns jopon’ 
tcus> R. tonktnenm^ and R delcmar arc some of tlie molds that have been 
used in the Amylo process. Sterile air is passed through the seeded mash 
for 24 hr , while tlio temperature is maintained at 38‘’C. The mash is 
then, cooled to at least 33*C. and inoculated u-ith yeast. 

By using a modification of the Amylo process, developed b}’ Boulard,’ 
starch hj'diol 3 ’'sis and icrmcntation are carried out simultaneously by 
adding at the same time Mvcor boulard No 5 and a yeast. It is claimed 
that time is saved by the use of the Boulard process. 

A MODIFIED AMYLO PROCESS 

The use of a modified Amylo process for the saccharification of 
granular wheat flour mashes in the production of ethyl alcohol has been 
described by Erb and Hildebrandt.’ In brief, this process involves the 
development of a mold inoculum, the preparation of the main maslies, the 
addition of the mold inoculum and a yeast starter {Saccharomyces 
anamensis) to the mash, and .saccharification and fermentation. 

Development of the Mold Inoculum. — Saccharification of the stai ch in 
the granular wheat flour mashes is brought about by the enzyme-s 
produced by the mold. In order to facilitate rapid saccharification of the 
mashes, it is necessary to build up a volume of inoculum equivalent 
12 per cent of the volume of the final mash. This is accomplished by 

> Owen, W L , The Amylo Process of Malting in IVljiskey DistiHenea, A m. irfne & 
Lignor Jmir , June, 1936 

* BouLAno, If , Soci(5t<5 d’cTpIoUation des procM^s, H. Boulard, 193 

M., andP M Himjbbbandt, /» d Enff CAem., SB: 792 (U4b) 
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carrj’ing the development through three stages, the first of whicli is 
initiatetl in the laboratorj* and the next tw'o in the plant. 

Laboratory Stage . — The mold used is a pure culture of either IHnzopiix 
ticlemar or li. boulard and is carric<l on slants of malt agar. Tiic first step 
in tlie development of the inoculum is the inoculation of a special metlium 
in a lOO-ml Erlenmcyer flask with mold s|>orcs. Tlie metlium contain^ 
ingredients in the following proportions. 25 g. of flour, 0.1 g of ammo- 
nium sulphate, and 500 ml of water. It is dispensed in shallow layers in 
lOO-ml. Erlcnmej'cr flask.s and sterilized at 250®F (121. l^C.) for I hr 
The sporc.s produced in one flask arc suspended in 3,000 ml. of water and 
used to inoculate the sterilizeil medium of the vc.sscl employed in the first 
plant stage dc.scrihed below 

Plant Stages . — A medium containing the following materials is 
sterilized for 1 hr. at 250^^ (121 l^t*.) in a j.ackcted steel pre.ssurc vessel 
which has a working capacity of 75 g:il . 20 Ih. of ground malt, 200 g of 
ammonium sulphate, 5 g of 2 inc sulphate, 100 ml. of phosphoric acid, and 
Ruflicient water to make 75 gal. The man'll is cooled to 00°r. (32,2®C.) 
and inoculated with the 3,000*ml. susptmsion of mold spores prejarod in 
the laboratorj' The pll of the mash licforo inocul.ition is 3 8 to *1.0. 
Tlio sc«lo<l mash is aerated at a pressure of 5 lb. Within a period of 20 
hr., tliere i.s abundant grow th of the mold and the culture is ready for use 
to inoculate the next larger nirxhum 

In the second plant stage, the mwlmm is prrparoil and storilizeil in a 
closed steel prewure vc«.«el which Imsa working capacity of 2,500 gal. and 
which contains cooling ooiK llic moilnim nseil in this vcvsol h 500 gal. 
of granular flour and malt from the m.-u-hing .s\>trm of the pkant, 300 gal 
of stillage, 0 5 lb. of aluminum jiowder, 20 g. of zinc sulphate, 0 lb. of 
ammonium sulphate, 1,000 ml of sulphuric acid, and sufficient water In 
make approximately 2,.'>00 gni llie rcMilt.'int pH of the mixlium is 3 S 1<» 

4 2. It is stcriliretl at 2.")0'’r. for 1 hr and subsequently cooled to O-j*’!’. 
(.3.5®(\). The contents of the vrs.vcl from the first stage are blown into 
this voKse! to sen'e ns its moriilnm. Tlie seeded m«bnm is nerate<l at 
nlxnit 5 lb pre*>snre for 21 hr. 

'llie aluminum powder is iivnl ns a constituent of the foregoing 
medium to counteract a wMnewhat toxic mgnslient of tlie stillage winch 
nppearx to inhibit growth of the mold Hie action of the interfering 
stilc.Uince may l>e nxlucxsl by thhition nn»l it m.ay l>e n*nJov«sl by trrxit- 
menl witli carbon 

Preparation of Main Mashes. - Tlic m.a.-bes for conversion by m.nlt 
and by mohls are prepare*! m a pimikir nwnner. rvixqit for lb** ctinvcrsion 
ng*’nt 'Hie oiu* lint is in:ill»convrrlc*I contains 100 lii of flotir and 20 If* 

«if malt per 100 g’d 'I'wo nnfi«eptics an* add*-*l to tlie m.Th— O?.** lb 
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of ammonium bifluoride and 0.7 lb, Dowicide G for each 1,000 gal. of 
mash — for no attempt is made to sterilize it by steam. The mash is con- 
verted in a mash tub at I4S®F. (62.7*0.) for 1 hr. nnth agitation. The 
mash that is to be converted by the molds is prepared in the same manner, 
e.xcept that the amount of malt is 2 per cent. 

Addition of Inoculums. — Tl>c control mash (malt saccharified) is 
cooled, pumped into the fermenter and 4 per cent of yeast inoculum 
(starter), based on total charge, is added. The amount of mash and 
yeast added initially fills about 30 per cent of the fermenter. This 
mixture is aerated for 3 to 4 hr. Then the tank is filled to 20,000 gal. by 
the addition of two more mashes prepared as described above. 

The procedure with the mold inoculum is similar, except that the 
contents of the 2,500-gaI. vessel containing the mold are added to the 
fermenter along ^dth the 3 'east. Conversion and fermentation proceed 
simultaneously 

Saccharification and Fermentation. -Saccharification and fermenta- 
tion are complete in 40 hr. when the volume of mold inoculum represents 
12 per cent of the final volume of the mash; and in 55 hr. when the volume 
of inoculum represents G per cent of the final volume of the mash. 

Yields. — ^Mien mold was used as the principal conversion agent, the 
average yield from 10 fermenters was 12.1 proof gal. per 100 Ih. of dry- 
grain, which represented 91.2 per cent fermentation efficiency. 
malt alone was employed, the average yield from 180 fermenters was 11.0 
proof gal per 100 lb. of dry grain, which represented 84 per cent fermenta- 
tion efficiency 


ACID SACCHARIFICATION OF GRAINS AND 
OTHER STARCH-CONTAINING MATERIATS 

Grains, vegetables, and other starch-containing materials may be 
saccharified through the use of acids, such as sulphuric or hydrochloric 
acids In general, the products to be converted are macerated, or ground, 
mixed with a measured quantit}' of acidulated water, and treated uith 
steam under pressure. 

After saccharification, the mashes may be adjusted to the desired pH 
level for fermentation uith ammonium hydro.xide, sodium hj'droxide. 
sodium carbonate, or calcium carbonate. The iise of ammonium lij’drox- 
ide is particularly desirable, since the ammonia may act as a source of 
nitrogen for yeast growth If sulphuric acid is used for the conversion of 
tlie starch and subsequent!)' neutralized m'th calcium carbonate, t e 
precipitated calcium sulphate may be separated from the wort by sedi- 
mentation and/or filtration. 
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Severson* has investigated the saccharification of various grain mashes 
with hydrochloric acid. IMaximum yields of ethanol from tlie acid- 
saccharified grains averaged somewliat lower than those obtained by malt 
saccharification. Jlighcst yields of ctlianol were obtained from corn when 
the mash was heated for 2 to 3 hr. at a steam pressure of 25 lb per sq. in. 
in the presence of 0.10 N hydrochlonc acid * 


TAni.h 18 — Effect of Malt, Soybean Meal, anb Mold Bran cpov the Aia'oiiol 
Yields from Acif>-SACcifARinEp Corn Mash* 


Malt and soj bean me.al j 

.Mold bran and malt 

j.5foMbran and sojbean meal 

Proportion of 

1 

IToportion of 


Proportion of 








per cent of corn 

Yield, 1 

1 per cent of corn 

Yield, 

per cent of corn 

Yield, 



1 per cent 


per cent 
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1 1 
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70 8 1 

' 0 1 0 

75 3 i 
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0 1 

: 81 0 
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TO 4 1 

2 I 0 

82 5 1 
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2 
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82 0 

2 
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! 88 0 

3 

0 

73 5 

1 5 0 

82 n 
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! 80 8 
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75 7 
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78 3 

2 1 

1 83 0 
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87 8 
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5 

77 0 

3 1 
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1 
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2 

1 

90 5 
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2 
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70 4 

2 , 2 
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2 1 
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Sohocne, Fulmer, and I’nderkofler* Iliac hhuvMt that norinnl yicM- of 
eth.anol m.ay In? obtained by the addition <pf mold liran to iienl— .Tirliarifieil 
ma-hes. 'Ilieir procedure for preparing ac^d'^.^^^harl^il■d ni.T-lu-, biiM'iI 
on the optimum conditions found by ScA'cr'on. was as follow’*. Meiu-uretl 
quantities of corn meal anti 0 I N* hydroclilorir arid, 100 g and .'KX) ml , 
re*|XT‘tive!y, were placed in carli l,000-ml Frlenmeycr fla’-k ii’ssl an<l 
the miTtun* wa.s cooketl for 2 5 hr at a stc.mi pressure of 25 It» jkt m] 
in 'Hie pll of the cotiktsl ma’-hrs was ndjU'‘lr4i to 5 0 w itfi rone«*nlrat«l 
' Sta I Rv>N, fJ , •‘'Wfr Jour Sn 11:215(1*137) 

*S<Tiorsr, 11 I I'l lAiriL ami I. A rsHrnikOrLriL InA Eng f'krrn 32: .Ml 
(lOIOi 
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ammonium hydroxide. Weighed portions of amylolytic (enzyme- 
containing) materiais iverc added to the acid-saccharified mashes and 
final saccharification was carried out at 55®C. for GO min. Results of 
typical experiments by Schoene, Fulmer, and Underkofler are shown in 
Table 18 on previous page. 

An examination of Table 18 indicates that the best results were 
obtained with mold bran. Schoene and his associates suggested that the 
increased yields resulting from the use of mold bran were due to the large 
variety of enzymes that it contained. For example, mold bran contains 
cmulsin, an enzyme that may hydrolyze gentiobiose (a disaccharide that 
may be formed during acid saccharification) to dextrose. 

Mixtures of mold bran and soybean meal also produced increased 
yields of ethanol from acid-saccharified corn mashes. 

According to Hayek and Shriner,‘ starch-containing mashes may be 
hydrolyzed (saccharified) satisfactorily by tiie use of sulphurous acid. 
They showed that pure starch may be completely converted to glucose in 
15 min. at IGS'^C. in the presence of 0.2 to 0.4 per cent of sulphur dioxide; 
tlxat corn mash may be hydrolyzed in 15 min. at 160''C. with 2 per cent of 
sulphur dioxide; and that wheat mash may be hydrolyzed in 10 min. at 
1G5 to 170®C. mth 2 per cent of sulphur dioxide. As high as 95 per cent 
of glucose is obtained from corn and wheat mashes by hydrolysis ivitli 
sulphur dioxide The sulphur dioxide may be removed from tlio hydro- 
lyzed mashes and fermentation initiated. Yields of ethyl alcohol 
obtained from sulphurous acid-hydrolyzed mashes compare favorably 
with those secured from malt-convcrted mashes, according to Hayek and 
Shriner.* 

The pH of a mash saccharified with acid must be adjusted before it is 
inoculated with yeast or other fermentation organism. Such adjustment 
of the pH usually increases the salt concentration of the mash. 


ACID SACCHARIFICATION OF AGRICULTURAL RESIDUES 

Dunning and Lathrop,® of the Northern Regional Research Labora- 
tory, have reported on their research concerning tlie laboratory-scale 
saccharification of agricultural residues, such as corncobs, cottonsee 
hulls, flax shives, oat hulls, and sugarcane bagasse. 

The agricultural residues, typical analyses for which are given m 
Table 19, are hydrolyzed in two stages. During the first stage the 
pentosans are hydrolyzed by the use of dilute sulphuric acid, and uring 
the second stage the cellulose is hydrolyzed by the use of concentra e 
sulphuric acid. 

» Hayek, AL, and R L. Shrineh, Ind. Eng. Ckem , 36 

* Dcnnino, J. tv., and E, C. Lathbop, /nd. Hnff. C/iem., 37 )• 
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Table 19, — rEBCESTtcE AsiLyjy? or llEPBESE*fTATJVE IIab^woods, Sorr>vo<ji>^, 
AM) Acriccltub^l HesIDL'ES' 


Matorml 

Pentosan 

Cellulose 

Lignin 

I’onclcrosa pine* 

7 4 

52 3 

20 G 

Tnnhark o.ak* 

19 G 1 

4i 8 

2{ 8 

Corncobs. . . 

28.1 

36 5 

10 4 

HaRa-sse 

20 4 

41 3 

14 9 

O.it hulls 

29 5 

33 7 

13 5 

Cottonseed hulls 

21 0 

35 1 

1 ir. 8 

Flax shivcs. 

23 0 

38 0 

21 0 


iDrxNiKO.J W anrlK.C Latkbop, /»<( Emt CA«tc .ST (No. 1) 24 (IMS) 
> Ilimm. G 3 . and U 11 IlKck. C-# CA«m.. 1«: lOSO <1932). 


Pentosan Hydrolysis. — The purpo^ of this hydrolysis is to scparalp 
the pcntosjina as xylo>*c and furfural wnthout saccharifyinp the ceIhilo‘<‘. 

A study of the cITccts of acid concentration, temperature, time, and 
oUicr factors upon the hydrolysis of pentosans has been made by Dunning 
and Ijvthrop' and it has liecn found that s.ati«fartory hydrolybis may Jk* 
accomplished under carefully controlled conditions. For example, uhon 
corncobs were treated \sntli 1.9 per cent of sulphuric acid at a temperature 
of 121®C. for 50 min., using a t-olhl to liquid ratio of 30:100, the yield of 
xj'losc was 8G.1 per cent, that of furfural (ns xylose) 0.3 per cent, and that 
of dextrose 0.78 per cent, llius 95-1 per rent of the pentosans uere 
hydrolyzed, whereas less than I per centof ilextro^e was prtxluecth Data 
eoneeming other conditions found K»ti'‘fnet<)r>* for the wparation of 
pentosans from liexo-Mins may Ik* found m the tahle which follows: 


T'plk 20 — l'.rri,«’Ts or An«> <X»Nrr.NT«.STU»N. Ti.mi-j n^Ti n». am> Tiur t pt>s 
HrPMiATios or rno»i 


\cid concrntratinn (•ulptuinc), per cent 

1 1 9 

4 1 

1 ^ '* 

Trjnperntijrt*, *C 

121 

too 

( too 

Time, mm 

1 ■'« 

,v> 

1 :.o 

Hnlids' liquid ratio, c '1(X) till 

30 100 1 

r. 100 j 

0 too 

1 Yield of xs lose, |>pr rent 

80 1 1 

81 1 

S'! y 

2. Yield of fiirfiinil (as xj lose), per n nt 

9 3 

10 9 

R 4 

3 Stim of 1 and 2 

«C» 4 1 

11’. 0 j 

9' 3 

4 Yield of dextrose, per rent 

0 78 

3 2 1 

1 4 


• bVK-Ixo.J w ..Ml-C UTBPor tm4 £m, »T<S<. IK?« (IMi| 

Kxixriinonts <\cre rarrusl out m a fix cess'll. gl.is.s (iiffu-ion battery on a 
l.alKinvtorx’ scale to iletormitie thex-nhie<»f counterrurreiil rxtrartinn of th«* 
|)rntos:ins from corncob resiilues I^rh of the rolls of th«* batlerx' i\n,s 
* Dvvs|\<}. J \\ . *rxd I- (' l.ATHKor /i*rf 87 <No It 
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equipped A\5th the required inlets and outlets and a heating element. 
Dilute sulphuric acid at temperatures just under lOO^C. was circulated 
through the crushed corncobs under a variety of conditions. 

As a result of these experiments, certain facts become clear. Extrac- 
tion of 90 to 95 per cent of the pentosans as hydrolyzate products could be 
accomplished consistently in 80 to 120 min. The hydrolyzates contained 
14 to20 per cent of reducing sugar. Sharp fractionation of pent osans/rom 



RBBB 



LBS HjS04/I00 lbs. 
ORr EXTR'O. coes 


.X — S-DiMh residue, w8ter-»asJied. and dried, 

• « SO-fnesbrcsidue, oater-nsshea.aoddried. hflmmpr TTlill t( 
+ - SO-mesh Bilhaciddriedinloresidue. nUHiniLr Him 

Fie. I6.“Elfect oi variables on jieJd of Sircd ClCSh 61ZC. 
dextrose from extracted corncobs impreg- Thedriedref 


bexosans resulted only when condi- 
tions were limited. Hou'ever, higli 
yields of .xylose could be obtained 
under a variety of conditions. 

Cellulose Hydrolysis. — The cel- 
lulose in the extracted corncobs is 
hydrolyzed in dilute acid solution 
after impregnation with concentrated 
sulphuric acid, One process devel- 
oped by Dunning and Lathrop was 
essentially as follows; 

The extracted corncobs were dried 
by filtration; by dewatering devices 
(to 50 to 65 per cent) ; and by the use 
of hot air at temperatures from 60 to 
70*C., until the original acid from 
the pentosan hydrolysis was concen- 
trated to 72 per cent. Residues 
dried in the presence of acid were 
more readily saccharified than those 
freed from acid before drying. The 
dried material was passed through a 
hammer mill to reduce it to the de- 


dextrose from extracted corncobs impreg- Thedriedresiduewasiinprcgnated 

natod with 85 per cent eulfunc »cid at . . , , . :j ..f cn «o»- /.onf- 

40»C. {Courte^i, of J. W. Dunning and With SulphuriC acid ot 85 pcr Cent 
E. c. Lathrop, ind. Eng. Chem., 37 : 24 concentration by means of a ma- 
chine constructed of mild steel, which 
contained a hopper for feeding purposes, a discontinuous screw on a shaft 
cooled with water, and a water-jacketed casing. Figure ID shows t e 
effect of variables on the yiel ! of dextrose from^ extracte cornco s 
impregnated with 85 per cent sulphuric acid at 40 C, Curve e ^ 
figure shows that a 90 per cent yield of dextrose was obtaine^ w en 
lb. of extracted corncobs (of 50-mesh size and with the acid dne m o e 
residue) were treated with slightly under 50 Ib, of 85 per cent su p uric 
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acid at 40®C. for 2 min. According to the authors, this quantity of 
sulphuric acid is considerably less than that suggested in some other 
saccharification processes involving the use of concentrated sulphuric acid. 

Tiic residue, impregnated with 85 per cent sulphuric acid, occurring a.s 
a dry powder, is diluted with u’ater and permitted to undergo hydrolysi*;. 
Dunning and I^athrop have repoiio<l that under optimum conditions— 



CRtSTALUWC XYUOSE SOLVENTS AUOMOL 


1 lo 17 ITow plirvl «f llie Iiro'WA. a/ J U />unfiin<r an<f A’ C Ao/A'op Iml 

fna Chrn . 37: 21 (ItUS) 1 

liyclr(il\>iH in 8 jwr cent j<ulphurie neal for 7 to 10 nun at tcmp^Tutntv^ of 
121) to 130®C' — hydrolytiitcH were KM*ure<l tliat ronlainetl 10.1 jM'r cent 
dcNtnw 

Flow Sheet of Process. — rigure 17 pri'M'nti n flow plHH-t of the prix-e-M 
dcvclopctl by Dunning and l-athrop * 

Products. — Table 21 fhows the protliicts that may !>»• obtain***! from 
1 ton of ngrifultura! n‘«i<luf*'. 

' DcnMs*:. J " nH'l r. I.'Tuaof, /n.f S7 : ?• 
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TAni.n 21 . — Propucts OnTAi.VAnia: >hom O.vb To.v (Drv Wkiojit) ok Aonirt'i.TuiwL 


ApriciiUiiral 

residue 

93 per cent pure 1 

crj'stnllinc i 
xylose, lb. 

Furfural, 

111. 

95 per cent 
alcoliol, gal. 

Lignin, 

lb. 

Corncobs 

135 

214 

44 

227 

Bagas-so. 


155 1 

49 

327 

Oat hulls 


224 

42 

295 

Cottonseed hulls 


100 

42 1 

332 

Flax shiv'cs . . 


175 

,r> 

525 


> DcTNKtNO, 1. W.. ami K. C. LATHROr. Ind. Eng. CKtm.. S7: 2A (>04S). 


Uses of the Hydrolyzates. — Tlie dextrose solution obtained by the 
hydrolysis of cellulose ma}* l>e used for the production of ethyl alcohol 
after the lignin has been removed by filtration and the excess aciditj' has 
been neutralized with lime. 

The xylose solution resultant from the initial (pentosan) hydrolysi** of 
the residues may be used for fermentation, for furfural manufacture, or 
for the production of crystalline .\ylo«c. 

Prior to its use for fermentation purpo«c.-5, it is neccp''ary to neutralize 
the xj'Ioso solution (that obtained by the use of the countercurrent 
hydrolysis method containing approximately 16 per cent xylose, 0.3 per 
cent dextro-sc, 1.75 per cent furfural, 2.0 per cent acetic acid, and 4.4 per 
cent sulphuric acid) and to remove the furfural. Tlie latter objective 
may be accomplished, according to Dunning and Lathrop, by feeding the 
hot xylose solution into a vacuum column and removing the furfural- 
water azeotrope. The xylo«!e may be fermented to butanol and acetone 
by Cl. acetohutylicum (refer to the chapter on this fermentation) or to 2,3- 
butancdiol by A. acTogencs (refer to the chapter concerning this subject). 

ACID SACCHARIFICATION OF WOOD 

For many years scientists have been engaged in developing and 
improving methods and equipment for hydrolyzing wood and other 
cellulose-containing substances to sugars. Their efforts have been 
rewarded with success, for there are several processes, some funda- 
mentally different, by which sugars may now be prepared on a large scale 
from such materials. 

1. Historical. — Dangiville, in 1880, proposed the use of gaseous 
hydrochloric acid to hydrolyze wood. 

In Germany, Claassen (1900) developed a method for hydrolyzing 
vegetable fibers, using sulphur dioxide or sulphuric acid. Attempts to 
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establish commercial processes in tho United States, based on his methods, 
resulted in failure. 

In 1910, Eu'cn and Tomlinson* constructed the first plant for pro- 
ducing ethyl alcohol from sawmill ^\•aste in Geo^ECto^^-n, S. C. Tlic 
average yield of alcohol, using dilute sulphuric acid under high pressure 
to hydrolyze the sawdust, was approximately 20 gal. per ton, although 
higher yields were occasionally obtained. 

Wdlstattcr (1913) demonstrated that a 40 per cent solution of hydro- 
chloric acid was verj’ much different in action toward cellulose than the 
common 35 to 30 per cent commercial hydrochloric acid solution. Will- 
plattcr, with Zeehmeistor, discovered that cellulose is transformetl with- 
out waste to gluco'sc M*ithm the space of a few hours by a 40 per cent 
hydrochloric acid solution at room temperature. 


Table 22 — Prohuction or Ttiianol from Cellclose, nr DirrrRF.sx •»' 
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tons of sugar and converted it to 150,000 liteis of ethyl alcohol. Oving 
to the low yields, only about 6 liters of alcohol per 100 kg. of dry wood 
substance, it was economically unsound to continue operation of the plant 
after the war was over. It was later shown that the poor yields had been 
due to a partial destruction of the sugars during the hydrolytic process. 

At Geneva, Terrisse and L6\'y in 1920 used a combination of 40 per 
cent hydrochloric acid solution and gaseous hydrochloric acid to hydro- 
lyze wood in. a method that later became known as the Prodor process.* 

Much research concerning the production of ethyl alcohol from wood 
wastes has been carried out by the U S. Forest Products Laboratory at 
Madison, Wis. Sherrard and Kressman* reviewed the development of 
wood saccharification processes in the United States from the time of their 
inception up to prior to World War II. Harris, Beglinger, Hajny, and 
Sherrard’ studied the hydrolysis of wood with dilute sulphuric acid in a 
stationarj’ digester. They found that yields of about 50 per cent of 
reducing sugar (75 to 80 per cent fermentable) could be obtained from 
softwoods; and of about 50 per cent of reducing sugar (50 to 65 per cent 
fermentable) from hardwoods 

The use of the rotary digester in wood saccharification was investi- 
gated by Plow, Saeman, Turner, and Sherrard.^ They reported that there 
were some serious disadvantages and little advantage in the use of the 
rotarj' digester in multistage saccharification of wood as compared with 
the vertical stationarj' percolator. 

Saeman’ studied tlio kinetics of the hydrolysis of wood and of the 
decomposition of sugars in dilute acid at high temperatures. He found 
that the hydrolysis of hemicellulosc took place easily and required only a 
fraction of the time needed for the hydrolysis of the resistant portion of 
cellulose. Saccharification of cellulose involved two reactions; the 
hydrolysis to reducing sugar and the consecutive decomposition of the 
sugars. The decomposition of all the sugars appeared to follow the Ian s 
of a first-order reaction An increase in acid concentration (0 4 to 1 6) 
or temperature (170 to 1 90*^0 ) resulted in increased efficiency in the 
formation of reducing sugar from cellulose. 

An analj’tical procedure, stated to be rapid, was developed for the 
quantitative saccharification of wood and cellulose by Saeman, Bubl, and 

* Obmandt, W. R , Jour Soc. Chetn Ind {Trans ), 46: 267T (192G) 

* Sherrard, E C , and F. W. Kbessman, FPL Report No R1454, Madison, Wis > 
September, 1944. 

* Harris, E. E , E. Bcgunger, G. J Hajny, and E. C. Siiebkard, Ind. Eng. 
Chem., 37 (No. 1) 12 (1945) 

^ Plow, R H., J F Saeman, H D. Turner, and E. C. Shebrard, Ind. Eng. 
Chem., {No 1). 36 (1945) 

* Saeman, J F., Ind Eng Chem , 3T (No 1): 43 (1945). 
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Harris.' The material for anal 3 'sis is ground sufficiently finely to pa.'-» 
through a 30-me«h screen. It is treated with 72 per cent sulphuric acid at 
30*C. for 45 min. after air-dri’ing to a low moisture content. Tlie mixture 
is diluted with water and treated for 1 hr, at a steam pressure of 15 lb , or 
by boiling for 4.5 hr. 

Procedures for analyzing wood sugars liavc been described by Sacman. 
Harris, and KHnc.* Those included an electrometric titration methoil 
and a micro method developed by ShalTcr and Somogx'i for determining 
the reducing sugars; and a test for fermentable sugars. 

Table 22 on page 99, summarizes some data concerning difTcnuit 
methods for producing ethanol from cellulose. 

2. The Bergius-Rheinau Process. — Tlic Bergms* process is based on 
WiUbtattcr’s discovery that a 40 per cent solution of hydrochloric acid 
will hydrolj'zc cellulose to glucose at room temperature. 

Ccllulo-'C is the principal constituent of wood. Hence a 40 per cent 
hj’drochloric acid solution dissolves most of the wood except the lignin 

In the Ikrgius proco«s, the woo<l is shredded and then dried in revolv- 
ing drums to a water content of approximately 0.5 per cent The dried 
wood is next conveyed to a batiery of diffusers, where hydrochloric 
acid acts upon it to convert it to water-soluble sugars and other on<l 
products A countercurrent principle is employed in the extraction. 
’Hie acid progresso-. through the batiery (Fig IR) anil come-* into contact 
with fresh wood in the first diffuMT During the extraction proee--, 
about two-thiriU of the wo<kI by weight is dissolved, while one-third 
remains as hgnin llie re-iiltant acid >oliitjon contains iipproximately 
32 jxT cent hy volume of reducing sugar * 

The acid solution containing the reiluring sugars (the hyilrolyzate) 
is now distilloil at 3r»®C’. under vanium m onler to heparate the bulk of 
tbe acid from the sugar Tins proixslure remoxes about SO i>er cent of 
the acid from the hydrolj'zatc. Tlie acid is regenerated, reconcrntratisl. 
and Used over again 

'Hic hydrolyzate is further ctmrentrated in a spray-slrying r)iaml>er 
where water and hyilrochlorie ari<l are lo«t by evaixiration ITn- 
ns-ultant “ohd prtxlurt, whieh is xilummous. Is collrrltsl in n cyrloni-, 
an apparatus tlial removes pirticW of dneil material from the air bj 
tentrifugal force 


' Svr.\us. J K,J 1* lU m. Sint I. I /n't f.ng c^,rm . Anti 

I No (JOt.S' 

*S\r\nx.J r , r. b lUnnis. iih«l \ \ Kusr. fn.t /'if Tt/n . 

'X.. (l‘»r,, 

•llrhMV*. ! .In-I 
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There are approximately 90 per cent sugars, 8 per cent water, ami 
1 to 2 per cent of hydrochloric acid in the solid hydrolyzafe. 

The sugars of the hydrolyzatc, wdiich arc usually glucose, fritctase, 
mannose, galactose, and xylose (depending on the nature of the wood 
hydrolyzed), arc principally in a tetramcric form and are not directly 
fermentable. However, by diluting the solid hydrolyzatc with 3 parts 
by volume of water and by heating the resulting solution at 120®C. for 



fio. 18 — flow diagram of the Jfcrgiii^ process (Ceurtesj/ of Dr, F, Berffiut, Ind Eng 
CAert., 29: 247 (1037) ) 


0.5 hr., the tetramcric form is converted to a fermentable form. Galac- 
tose and xylose are not fermentable by yeast. 

According to Bcrguis, approximately 80 per cent of the raw sugar 
obtained by hydrolysis is fermented to alcohol, a long ton of drj' wood 
yielding 85 to 90 gal. of ethyl alcohol (190 proof). The other 20 per 
cent of the sugar may be recovered and used for fodder or for other 
purposes. 

The lignin, washed free of acid, may be used as fuel, or pure charcoal 
may be prepared from it. 

Acetic acid, in quantities that correspond to those recovered during 
the destructive distillation of wood, is obtained as a by-product of this 
process. 
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3. The Scholler-Tomesch Process.' — In contm^^t to the Ilcrpius 
process, the Scholler process employs dilute acid, elevated temperatures, 
and steam under pressure. The wood used does not have to be dried or of 
any definite particle size.* Furthermore, no attempt is made to recover 
the acid. 

In 192G and 1927 Sclioller carried out research in the laboratory 
that indicated the value of the periodic removal of the sugar formed by 
pres.sure percolation. In Fig. 19 the curv'e A' represent.s theoretical 
saccharification; the curve Zi, the course of saccharification by the per- 
colation method; and cur\’e Z, the course of saccharification by a method 
that corresponds to the Stettin war process. 



Kiu 10 — Grnpliic&l rriirpvntnlinn of c>>urM‘ of •af^’honfiration in pnrlovxl ouiorlitvp anij 
ppreoUtor iCourlfu o/ I)f If Sthollrr, Chtm Ztg . 293 (lOJO) ) 

In the pre-ent induxlnal procc'>'<, cuniminulcd \\o<kI is carriril by a 
system of con^eyers to the fop of a Iwittcn,’ of jicrrolators into wliirh it 
is paekisl. Dilute neid solution is j>crmittc«l to pt*rrol:ite intermittently 
uruler pre*-'«ure through the heatetl w<hm 1, the accumulating •>ug;ir miIii- 
tion l>eing nunovisl jK'riiKlie.ally to prevent it from Ix'eoming de^t^^y^sl 
'Hie sugar solution is neulmliKHl %Mth ('at'Oj. i)rrmitt<sl to snUtk* in a 
tank, anil filtensl It may tli<*n In* ferinnitisl by yeio-l 

A.S statisl abo\e, flu* particle size of the woikI is not of gmit iin|>or- 
tance. .‘'a«dust, plane du'f. nisp dii'*t. and similar tyi»c*s of iiooil of 
variable moi'turt* confiTif may lx* iin-tl directly 

Darli jMTrolator is 1 1 m m Irngtii niid 2 1m m doimetrr witli a 
rnixacity for .W ru m of material It is fillc«l bx>-rly with the cclfubrs'- 
ront.aining substance After the ixTiaihiltir is rhwsl. steam pn*«.sun* is 
applKsl stnlilrnly from nlmve iii>*m tlie KMr>eIy (virkisl m.nlernl. with the 
'.•s nousn. 11 . Zfj. C0:?n »I''V.i 
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result that it is compressed evenly. The percolator is filled again and 
the material again compressed. The procedure is repeated until the 
percolator is almost completely filled with the compressed cellulose 
material. 

The dilute acid solution used for hydrolysis is prepared by pumping 
sulphuric acid into water, ■which has previously been wanned by passage 
through a heat-exchange apparatus, to give an acid concentration of 
approximately 0.4 per cent. 

This dilute acid flows through the cellulose-containing material at a 
temperature of about 170®C. and a pressure of 8 atmospheres. The 
sugar solution thus formed is removed shortly, passing through the heat 
exchanger where it gives off heat to water being W’armed for the dilute 
acid solution. Hydrolytic action continues in the percolator after the 
removal of the sugar solution, owing to the moisture, acid, heat {ICO to 
190°C ), and pressure, but no additional sugar is remov’ed until the next 
passage of the hydrolyzing solution. 

After the sugars have been recovered from the wood waste by inter- 
mittent percolation with dilute acid, the lignin residue, w’hich is in the 
form of a hard cake, must bo removed from the percolator. Since lignin 
has a high w’ater content and is at a temperature of about 180®C. at the 
end of the process, the sudden release of a section in the lower portion of 
the percolator causes an explosive expansion of the water in the lignin 
and the cake is shattered 

From the sugars obtained by the preceding method, industrially 
important alcohols, acids, or yeast may be prepared. 

Ethyl alcohol yields amounting to 60 to 70 per cent of the theoretical 
are obtained by this process. 

Lignin, acetic acid, furfural, and w'aste sugars are by-products. 


Table 23 — Proi>ccts Obtained bt DirrERENT Proces'ses trom lOO Kg. or Dried 



» Prepared from data presented by M. Giordani CkxtHtea t xndutlrxa (Italy), 21:265 272 (1939) 
> Data cot available 

• .approximate figures May be utilued b> bseteria m production of butanol, etc 
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4. The Giordani-Leone Process. — This process, dctcnbed and illus- 
trateil hj’ Giordanl,* make& use of C0®nd. sulphuric acid. Space docs 
not permit a detailed account of this proce‘'S but some data concerninR 
this, the Bergiu's, and the Schollcr proce^«os are presented in Table 23, 



t'lii of Ci«rrfRni-I.cf>n«* pttwT^ (w ih** •a^liMiriration ot maWiaK 

l('our(r«y p//>f M Giord-int Cfomtm * tnHMitrvt {My) SI Sn5(tOTJ>l 

on page 10 1 Of the augnr dermal fn»m w«><k 1 by the Gionlan»-l>e<me 
proeov<, that part nhicb i- imfermentable by yea'>t may t)C u*<'<l by Cfo*- 
(ridnim arrJo^»uJt/he»m for the prculuetnm of butanol, acetone, and 
ethanol 'Hie cfTiriency of tlie (iiortlantd^Hine prt»ec*' ts sai<l to l>e high 
I’lpin* 2t) «ho«» a ^^!leme i»f the (honl’int-l/cone proee^^ for tlie 
Kacch-iritieation of relluUr<ie jnatennlH 

* tiionuii'ti, M , Oii'^nM * 81 : Cf'i »T« i JeT*' 
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6. The Madison Wood-Sugar Process.* — Tliis proccj^s was dcvclopc<l 
by the Forest Products I.aboratory of the U.S. Department of Agriculture 
at Madison, Wis. Wood waste, consisting of edgings, chipped slabs, 
sliavings, and sawdust, is hydrolyzed by permitting to flow continuously 
through it dilute sulphuric acid at temperatures of 150 to 185®C. Fur- 
fural and methanol aro separated from the hydrolyzatc by flashing The 
hydrolyzate is then automatically neutralized \rith lime and filtered while 
under pressure. The solution of wood sugars may l)c u«cd for purpov^s 


FLASH CHAMBER 



lid. 32 — I'qiiipmMit for n^utralitntion of «oo<l suKArn (Co, titty of K. A’ ftorru and 
K UtrjUnaer, Sltmto Keport S« U-t<i\7. Fortit 1‘roiiuett La'-oratoty, V fS Dtp Afft , 
Maduon, ll'u . Junt. IDIO i 


Mich US the priKluftioii of ethyl ulculiul by fermentation with AWAnro* 
inycca fcnvtgiac. 

The pilot-plant equipment for hydrolyzing wood wastes is shown in 
Figs. 21 and 22. It eonsi«,ts cv«entiaUy of the following element.s: a hog 
ehipiXT uvfsi to break up pieces of wood wnvtc to the dc'^ired size, facili- 
ties for lifting the waste to tlie ^toragc chamlier which is located directly 
above the digester; a digester constructed of silicon bronze haxing a 
capacity of 27 cu ft. and of 23-in in«ide di.nmeter, witli a mlucing cone 
at the top and another plus a screen ut thelKittom; a water pump with a 
capacity variable from 2 to 10 gal per min ;nnocitl pump with a capacity 
\anable from 0 2 to I g.al pi'r hr ; a switch for controlling the two puniiH; 
a water heater with facilities for iiilrixhicing steam into tlie water; a jet 
locatrsl in the water line for adding acid, two inlets at the lop of the 
<bpi*st<T for intnuluring the dilute ncid, a l.ank; n*cei\ ing tanks with 
mi\crs; a ncutndizmg kettle, storage tanks; and a rcr<-ivcr for the iignin 
’riie wiMsl wiLsfc UMsl, Dougla.s fir. prwhices U^st results when pn’-s-nt 

I ll^totts, b II, anil 11 llrousorn, .V« K-\Ti\7, ForttI t'mlueit i^'nralory, 
\\i« . June, I’MO. nisi Ind Fng Ckr*t . M iNo 1ii S'"! il'MCi 
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■'StEAM PERMENTERI\ 


NEUTRALlZlNfi r{]PUMP T \ AIR ' UjpUMP \ 

SUGAR SOLUTION V~. — \ ^ rCRWCN'tR" 

STORAGE HEAT 

feiUHAbt ReCHARGEB ^ .„,r solu- 

fermentation VorMf 

««* ^ heolinoer, Mxmto R^Pert R-16I7. 
/Voducr. LuhorcA^y, U. S. Dept. Affr.. Mad^ WUi^mxn. June. 1946 ) 
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6. The Madison Wood-Sugar Process.* — Thi*? process was dovelope<l 
by the Forest Products I.^aborntorj' of the U.S. Department of Agriculture 
at Madison, Wis. Wood waste, consisting of edgings, chipped slabs, 
shavings, and sawdust, is hydrolyzed by permitting to flow continuously 
through it dilute sulphuric acid at temperatures of 150 to 185®C. Fur- 
fural and methanol arc separated from the hydrolysate by flashing The 
hydrolysate is then automatically neutralized with lime and filtered while 
under pressure. The solution of wood sugars may be need for purpo'-es 

FLASH CHAMBER 

Am 


PH 


CmCULATlUC 

PUMP 

lio. 2S — nquSptiK'nt (or nrutratitittioii of wood RUKors <Co>irir«j/ c/ R K //om« and 
R lit^xnger, Mimro, lUport So /(-IfilT. Fvrtti Frotiuti* V S Agr , 

Maduon, It m , June, 1010 ) 

such as the production of ethyl alcohol by fermentation nith Saceharo- 

The pilot-plant equipment for hydrolyzing wood ^\a.slos is shown in 
Figs, 21 and It consistM c'^scntinlly of the following elements; a hog 
I’liipjx'r u«c<i to break up pieces of wood waste to the desired size, facili- 
ties for lifting the A\ustc to the storage chaml>er which is located directly 
aliove the digester; a digester constructed of silicon bronze basing a 
capacity of 27 cu. ft. and of 23-in. inside diameter, snth a reducing cone 
at the top and another plus a screen at the bottom ; a water pump " itb a 
capacity variable from 2 to 10 gal. per min.; an acid pump ^\itb a capacity 
variable from 0.2 to 4 gal. per hr.; a swUcli for controlling the t«o purnp^, 
a water he.alcr with facilities for iniroiluring steam into the %vaier, a jet 
l<x*ate<I in the water line for adding ocid; two inlet.s at the top of the 
liigextof for introducing the dilute noiil; a flash tank; receiving tanks with 
mixers; a neutniUzing kettle; storage tanks; and a receiver for the lignin 
llic woo<l waste U'ssl, Douglas fir, prwlucrs Ijest result.s when pn*^'nt 

' HARRIS, ];. K , ftnd n. n> ousorn, ItrportNo. FMOl?, Fnetti Fro-lueit 
Xffcl.w.n, Wis , Junp, I'UO; /mi. Eny Chrm , 38 <Ko. 0): S'X) (lOlAi 
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in tlie following percentages: 25 to 30 per cent shavings, 25 to 30 per cent 
sawdust, and 40 to 50 per cent edgings and slabs. These are hogged in 
such a manner that the pieces vary from 0.25 to 1 in. in length. Green 
wood waste containing 30 to 60 per cent of moisture is more satisfactor}’ 
than dry wood because of the greater case with which the acid diffuses 
through the material. Bark usually constitutes 35 to 50 per cent of the 
waste used. Yields of ethyl alcohol, used as an inde.v of the efliciency of 
hydrolysis, are calculated on the basis of dry, bark*frce wood. From 2 to 
2.5 tons of green, bark-containing wood waste are generally necessarj’ to 
yield a ton of bark-free wood on the dry ba-sis. 

During hydrolysis, best re.sult.s arc ol»taincd when the digester is 
packed evenly with a uniform mixture of the hogged shavings, sawdust, 
edgings, and slabs. The digester is filled with the wood waste, the cover 
IS put in place, and steam (at a pressure of ISO lb. per sq. in.) is introduced 
rapidly at the top (with vents open at the bottom of the digester) until the 
gauge at the top of the digester records a pressure of 10 lb. The steam 
is then turned off. Wien the gauge pressure has dropped to zero, the 
cover is opened and a now cliarge introduced, followed again by steam 
packing. ^Utor tlio packing is completed, steam is introduced tlirough 
the bottom, with the top vents open, to remove more air and to continue 
the heating of the wood waste. Finally, the vents are closed and steam 
introduced to yield a pressure of 50 Ib. in the digester. 

Acid IS introduced into tlio digester ns follows: At the beginning, 200 
lb. of sulphuric acid at a concentration of 1.5 to 2.0 per cent and at a 
temperature of 150®C. are added rapidly at the top of the digester. This 
amount of acid required to bring the average acid concentration of the 
moisture present in the wood waste and added by the steam (about COO 
lb. in all) to 0 5 to 0.0 per cent. Next, sufficient sulphuric acid (at a 
concentration of 0.5 to O.G per cent and at a temperature of 150®C.) is 
added at the rate of 12 gal. per min. to bring the ratio of dilute acid to 
wood (dry basis) to 3 to 1. This usually amounts to 400 to 600 lb. of 
dilute acid. Finally, 30 min. after the first acid has been added, the acid 
pump is started and dilute acid at a concentration of 0.5 to 0.0 per cent is 
added at the rate of 20 lb. per min. At the same time a temperature 
controller is set to cause the temperature in the digester to increase by 
0.5°C. per min. for 30 min., or until a final temperature of ISS^C. is 
obtained. This temperature is maintained until the end of the run. 

Simultaneously ^nth the addition of the dilute acid from the pump, 
the acid-sugar solution is removed continuously from the bottom of the 
digester at a rate of about 20 Ib. per min. Thus the rate of addition of 
the acid^f he digester and that of the removal of the hydrolyzate are 
the sa^' 
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Th<i hydrolj'sis is continued until the nvernBc reducing-sugar concen- 
tration of the total combined hydrolyzate is 5.0 per cent This corro- 
^ponds to a discontinuation of the hydrolysis after the concentration of 
reducing sugar in the hydroly 2 atc has dropped to 0 5 per cent or les«. 

The hydrolyzate is passed to a flash chamber where the pressure 
dropped to 30 lb. per sq. in , permitting the steam to carry off the metha- 
nol and furfural. The latter are passed through a heat exchanger and. 
\\hile being cooled, heat the x\’atcr that is used in making the dilute acid. 

The sugar solution is automatically neutralized with lime and then 
filtered to remove calcium sulphate x\hUe still at a pressure of 30 Ih 
rinally, the sugar solution is cooled to SO^C. by flashing, and the 
precipitate which settles out is removed by filtration. 

'nic usual time required for hydrolysis is 2 C to 3 0 hr , although 
occasionally it may be slightly shorter or longer 

A ton of dry, bark-free Douglas fir wood ua«tc, uhen hydrolyzwl by 
the foregoing process, yields Cl 5 gal. of 95 per cent ethyl alcohol. 

The advantages of this process as compared with the Schollcr procr-s 
are: the shorter time required for hydrolyfU^, tlie lower steam requirement . 
t!ic rapid removal of the sugars from the digester and (lie neutralization of 
the acid, svhicU prevents tlicir decomposition; the producti<m of fcv.cr 
ruhstance.s inhibitorj' fermentation; the longer life of the valves and 
other equipment, on account of fewer changes during operation; and the 
higher yields of sugars and of alcohol from the hydrolyzed woo<l wa.ste. 
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CHAPTEll IV 


THE PRODUCTION OF INDUSTRIAL ALCOHOL 
BY FERMENTATION 

One of the most important and best-known industrial fermentations 
is that in which ethyl alcohol is produced from sugars by yeasts. The 
chemical manufacturer, the brewer, the distiller, the baker, the vinegar 
manufacturer, the scientist, the housewife, and many others depend in 
one way or another on the ability of the yeast to convert sugars to 
alcohol, carbon dioxide, and other end products. Since low-priced and 
waste carbohj'drate materials may bo used m the manufacture of ethyl 
alcohol, the fermentation process has not only great present but also va^t 
potential value. 

The subject of ethyl alcohol production by fermentation has assumed 
new interest on account of attempts to find substitutes for gasoline 
Blonds of alcohol with gasoline, especially a blend containing 10 per cent 
ethyl alcohol, may bo u«od satKfactorily in the pre-ent internal-com- 
bustion type of motor. Prc>cnt-<lay demands for motor fuels arc great, 
but the sources of petroleum arc limited 

Definitions. — Ethyl alcohol {CIIjCHjOlI). or ethanol, may l>c referred 
to hy other names For example, the alcohol may l>c named to intlicntc 
the source of raw material from whicli it is manufactured or to indicate 
the general purpoH' for which it is to lie U'lal Grain alcohols nre alcohols 
made from grain*', such as corn, wheat, or rirc. llic term “ grain nlcohol” 
is sometimes vi*-o<l to signify ethyl alcohol in contnisi to meth>l alcohol 
(CIUOIl), or methanol, which isroaiiufuctiircil by thedc'-tnictivc distilla- 
tion of woisl, by synthcsi**, or by other mean* Molas,s<>s alcohol is 
alcohol pnxliircd fn>m sug.ar-canc mnh*sM*s Industrial alcohol is ethyl 
alcohol used for mdiistnal purpo-cs Vndcr this term is mcltidesl p<iwcr. 
or fuel alcohol, i c . alcohol U*<*d in combination with pi*<ohnc or other 
motor fuels. 

Tlic units of mcasurcmcni commonly h«c<! m reporting cth.vl alcohol 
protluction are the proof gallon, wine gnlfiin. tn\ g.a(ton, and barrel 'flic 
stand.anl pnKif gnlhui is a wme pnllon containing fiO I'«t cent by vtiliim** 
(100 priKif) of ethyl alcohol A wme gallon isispial to a Mandanl fnilisl 
i*t.a1rs pnllon and ronlams 2:11 cii in A tax gallon is e«pii\nlcnt to.n 
proof gallon for spirit* of a conn ntnition of 100 jircwf or mon* and t‘ 
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equivalent to a wine gallon for spirits of a concentration less than 100 
proof. A barrel contains 31 wne gallons. 

Proof is twice the per cent in volume of ethyl alcohol. Por example, 
95 per cent ethyl alcohol by volume is 190 proof. 

Production Statistics. — The quantity of ethyl alcohol produced by 
11 leading states and by the United States during the fiscal years 1942- 
194G is shown in Table 24. 


Tible24. — Ethyl Alcohol PRooucrioVBrLEAor.va States duki.vo Fiscal Years 
I042~1946«* 

(Production, proof gallons) 


State ^ 

1942 

1943 

1944 

1945 

1946 

Pennsylvania 

101.768,211 

84,702,184 

146.992,133 

165,601,630 

62,641.008 

Louisiana 

89,499,307 

106,675,571 

120,559,576 

140,248,183 

73,155,800 

West Virginia 

50,147,368 

50,555,645 

43,461,248 

43,304,054 

45,428,545 

New Jersey 

40,417,013 

31,006,102 

52,440,071 

50,054,772 

22,020.682 

Indiana 

39,841.1191 

30.538.951! 

53,342,970. 

28,242,630 

28,078,096 

Maryland 

35.030,299i 

39,709,182 

49,009,064, 

32,510,056 

21,509,580 

TevM 

17.357,6411 

20,409,056 

22.990,439, 

'20,625,120 

25,596,244 

Kentucky 

2,421,505 

21,617,016 

35,555,383 

22,527,183 

t 379,884 

Nebraska 



4,205,932 

40,033,582 

22,988,857 

7,827,807 

Iowa 


1,509,427 

11,337,340 

' 27,779.223 

California 

Total (United 

8,577,061 

12,191,672 

16,939,304 

10,612,610 

7,828,146 

States, including 
Hawaii and 
Puerto Pjeo) 

424,804,00} 

447,786,568, 

036,575,216 

583.431,544 

853,524,384 





- ' 

__ — 


1 1/ 3 TVeaj Dt-pt , Annual Report */ thf Conmunaner of Internal Rtfenue, 1943. 1944, 1945. toJ 
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* Includes production by rediatillstion 


Raw lHaterials.^ — Ethyl alcohol may be produced from any fermenta- 
ble sugar by yeasts under suitable conditions. Since starches and certain 
other carbohydrates may be hydrolyzed to fermentable sugars by bio- 
logical or chemical means, there are available many possible sources o 
sugar. 

I- Types — Raw matcnals may be classified into three principa,] types, 
(a) the saccharine materials, such as sugar cane, sugar beets, molasses, 
and fruit juices; (6) the starchy materials, which include the 
(com, malt, barley, oats, lye, wheat, rice, grain, sorghum, and the i 'c), 
potatoes, sweet potatoes, Jerusalem artichokes (girasol), manioca mea , 
and other substances; and (c) cellulosic materials, such as wood and waste 
sulphite liquor. 
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2. Principal Haw Materials Utilized . — In the United States, mohussos 
and grain are the principal carbohydrate materials used in the production 
of ethyl alcohol. In Table 25 may be found the raw materials uswi for 
ethyl alcohol production during the fiscal years 1939, and 19-11 to 19-17 
Various types of raw materials are used in different countries In 
Germany, for example, potatoes arc usc<l extensively, m France, .Migar 
l)ect4j Sweden manufactures much industrial alcohol from sulplute pulp 
In Italy, sugar beets, molasses, grapes, and other substance.s are u^etl 

PROCESSES OF MANUFACTURE 

The process used in the manufacture of ethyl alcohol by fermentutton 
depends on the nature of the raw material Saccharmc materul.s u^ualK 
rc<iuire little or no special preliminarj* treatment other than diluUon aiul 
may lie fermented directly after certain customary adjustments ha\ e bis-u 
made in the mash. But starchy and collulosic materials mu*>t be hydro- 
lyzed to fermentable sugars before they can be utilized by the yeast 
In each of the processes, success depends on the cfilcioncy of prclinu- 
naty treatment, if any; the use of an optimum concentration of sugar, an 
optimum pH, and an optimum temperature, the addition of nutrient 
substances to the mash, if it lie deficient m any os'onlial constituent, 
inhibition of bacterial growth; the use of a vigorous strain of ypiust with 
high alcoholic tolerance and so capable of producing large yiehN of 
alcohol; the maintenance of anaerobic condition^ during the fenncntaium 
proper; and the prompt distillation of the fermented mash 

1. Ethyl Alcohol from Molasses, a. Outline of Process. The 
mol.o.sM's ma.sh is adjusted to the desired sugar conccntralum and tcin- 
penxturc by the addition of water and to the desired pU by the addition of 
a mea.sure<l quantity of acid. A yeast “starter’’ is mixed with the iiuLoh 
in the fermcnt.ation tank, which is usually covcreil, in one of several 
m.'umoni. Streams of the adjusted ma-sli and the starter flowing simul- 
taneously into the fennenter may be caused to converge on a bafile !>o.ml 
liK-atxsl in the upper part of the lank. The madi and starter Ixwome «ell 
mixed a.s they spatter and fall to the bottom of the tank. An altcni.ile 
method is to mid the starter after the ma-di has Ikto placetl in the tank 
nnd effect mixing of the two by compn-v-ssl nir from lines locatxxl at the 

Isittom of the tank. Another methoxl xxouhl be to u-e p.sddles. ^ 

Tlie fermentation nipidly Ix'comcs vigorous with the cvoiition «» 
qu.antiiies of riirlHm dioxide. In the mwlern plant, this gas is 
purinexl, and used for the manufaclure of do* •'*<* '>»■ 
l«irp,).«H,, Within 50 hr., or less, the fermentation is usually coiiij'l'Ue. 
Hie frrnientetl mola«s<*s, ridems! toRii“ln**T,’* isilistillisl in a rontmuous 

to sepam,,. the alcohol and other volatile ron-stifirnts from the ms.b. 
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The alcohol is purified by means of rectifying columns and then stored in 
a bonded warehouse or denatured. 


TABtB 25 — Etryl Alcoroi. Prodrctiok, by Kinds of Raw Materials Used, 
DURING THB Fiscal Years 1939 to 1947' 

(Thousands of proof gallons. Source: Bureau of Internal Revenue) 


Raw (nalenal 

IDSfi 

1941 

1042 

1943 

1944 

1915 

1946 

1947 

Gram* 

IS. 540 1 

1T,532 

38.578 

107,8.57 

206,253 

281.695 

>04.693 

39,742 

Molaaaca* 

135.834 

210.427 

289.396 

159.190 

207,523 

190,201 

87,118 

54,159 

Ethyl siilphate 

47.964 

69.003 

90.615 

08.739 

113,734 

111,679 

127,508 

133,306 

Unfinished apirica and other 









redistiUation products 



5.098 

81,454 

45,34e 

32,920 

23,692 

49,546 

Sulphite hquora 






1,018 

2,837 

4,380 

Pineapple juice | 

151 

227 

205 

254" 

<38 

241 

250 

220 

Whey 




* 

1 136 

155 

; 136 

262 

Crude alcohols mixture 1 









Cellutose pulp and chemical | 

Slot 

576 

814 

1.108 

1,632 

1,731 

! 1.954 

2,422 

mixtures J 









Potatoes" 





22< 


3,772 

12,861 

Other mixtures 









Gram, molasses, wbey. pine. 


1 







apple juice, etc 

1.318 

180 

07 

1.095 

61.386 

63,701 

1,296 

1,983 

Total alcohol produced* | 

301.018 

398.845 

424.801 

<47,787 

1 

636.575 

683,432 

353,524 

298,881 


iIIlBSEV, J U.lnd Eng OAcm . 40 (No «) 900 (lOIS). 

' Gross production, ■nc.ludcs products used tn rcdisiillsoon 

* Additionsl smounta used m cornbinstion with other msterisis included under "other mixtures ’’ 
t CelluloM pulp loeluded tn “other mixtures *' 

6. The Process in Detail. (1) type of yeast. — Certain types of 
yeasts are desirable, namely, those which are able to produce and tolerate 
high concentrations of alcohol and which possess uniform and stable 
characteristics. Strains of Soccharomyccs ccrevisiae are commonly used, 
but other yeasts, such as S. anamensis and Schizosaccharomyces pomhe, 
may be employed under certain conditions. 

(2) preparation of sTMiTBR — Having selected the yeast for the 
fermentation and having isolated it in pure culture, a starter is then pre- 
pared. A starter of large volume is required to “pitch” (inoculate) the 
main mash, which frequently may have a magnitude of several thousand 
gallons. Using aseptic technique, a tube containing about 10 cc. of 
sterile wort is inoculated from a pure culture of the yeast, which may be 
maintamed on malt agar media. After incubation for a suitable period 
of time at a temperature of 25*’C. (TT^F.) to SO^C. (8(i°F.), the optimum 
for yeast growth, the culture in the tube may be used to inoculate a flask 
containing approximately 200 cc. of sterile mash. Following incubation, 
the contents of the flask may be used to seed a sterile mash of about 4-liter 
capacity Up to this point in the preparation of the starter, the work is 
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(inVmarily carried ovit in the laboratory, using gla-^s containers. The next 
mash inoculated is of semi-plant-scale siie (10 to 40 gal.) and is located 
clo®c to the fermenters. Usually at least one more proportionally larger 
ma-sh (several hundred gallons) is inoculated and permitted to incubate. 
Then this fermenting mash, the starter, is either pumped or allowed to 
flow by gravity to the main mash. Tlie addition of this enormous yoa.st 
culture to the mash constitutes "pitching.” 

Aeration is of liencfit in preparing a starter, for the ohject is to secure 
an immense number of yeast cells 

The Mngn6 automatic system or other pure culture systems (Fig. 21) 
for preparing the starter may l»c u«ed instead of the method just outlinctl 
In the Magn6 app.aratus a slock of the pure culture is maintatnod m the 
upper drum of the apparalu.s Mashes are inoculated from this pure 
culture as required, an<l one culture may be u«ed over a considerable 
l>crio<l of lime before recharging with a pure culture derived from a single 
cell For further details, the reader may con«ult the reference given 
U'low.* 

(3) TUB Moi..\ssr,s — ‘‘Ulftcksirap” molas'Cs is the principal source of 
industrial alcohol. Tins material is the sirup that is left after the rcoov- 
rr>' of cr>’stallino sugar from the concentrattsi juice of sugar cane. It 
uiually contains 18 to 55 per rent of sugars, mainly sucroee. A largo part 
of the black.«trap mol.s«i<^s u*«e<i in this romito’ i^ importcil from Cuk\, 
although some comes from I’ucrto Rico 

During recent year*, much "high-tc>‘t” mola®'>es has liecn for 
cllianol manufacture This so>calleil “molasses” is an evaporated 
Migar-cane juice that contains all the origin.al sugar of the juice, but mo»t 
of It in an iiivcrte<l forni as a result of and hydrolysis Such nuila.s.ses is 
usually high in Mignr. containing ocrasionally as much ns 7S jx’r cent 

(I) I'ovej.sTJLSTioN or M’OMi — A MigiiT concentratuin of 10 to IS 
per ci'tiV is usuaUy KitistactoTV. altliougU oilier eoneeninitions ari^ U'<sl 
When the eonn’ntnitiun is t(M» high it marts ndverv'ly on the jciust. or 
the alcohol proihiml may inhibtl the action of the ye:i.'t. with the coii- 
tifsjurnre that the femientatum tune is prolungtsl and some of the Mig;ir is 
not jiroperly utihroil Tlie use of too low a conrentmtion of migar is 
uneronomir ti-s U m.sy lead to a !f»*a of valuable femienting ^pl^e. Fur- 
thennore a projxirlionaUy gmaler quantity of fermcnieil wort must 
distilleil to priwhirc the pame amount of nlrolio! tliUs adding to (herxp<'n'>e 
of pnwhirtion 

.\ pugnr ronrrnVration of npproxim.ate|y 12 per rent is fn^iurntlx 
UHsl. n>e qu.atmty of water n*qiiiml to isslure the niohs-es to tlie 
drsiml Migar content is calcubiteil fn>m avnil.slile aiislvtiral dat.a I'or 

•Mo.st J II r f.< IMcM 1.212 C*AJ»n 16. tt»l7 
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example, 4 parts of ^’atcr by wclfilit would be added to ! part of molassc's, 
containing GO per cent sugar, by weight, to reduce the sugar concentra- 
tion to approximately 12 per cent. 

TIic concentration of the sugar in a wort is usually determined by 
means of a Balling hydrometer, an instrument that gives the approximate 
percentage of sugar at G0®F., or 15.5“C. 

(5) KcrntKNT BunSTANCES. — Although molasses generally contains 
most of the nutrient substances required for fermentation, ammonium 
salts, such as ammonium sulphate or pliosphntes, may be added to the 
mash to supply deficiencies in nitrogen or pho'«phonis 

(G) pTI OF THE MAsn. — Fermentation proceeds satisfactorily when 
the mash has been adjusted to a pll of 4.0 to 4,5. This pll favors the 
yeast hut is sufficiently low to inhibit the development of many typos of 
bacteria. The mamifacturer depends on the pll of the wort and the 
U‘-c of a large inoculum to take the place of sterilization, since it is costly 
and impracticable to sterilize large mola.s«rs mashes. Ordinarily the 
mam mash is inoculated with a starter that represents 4 to C per cent of 
its volume, although the starter may represent from 2 to 25 per cent of 
the volume of the main ma«h tinder certain circumstances. 

Sulphtiric acid is commonly used to a<lju.st the reaction of the mash, 
allhougli lactic acid is satisfactory'. I.acttc arid favors the development 
of yeast but inhibits the growth of the butyric acid baetcri.a, uliich are 
iletnmenlal to the ye.ast fermentation As a substitute for the aildition 
of aeid, the ma.sh may l>e inoculated with lactic acid bacteria, prior to 
the alcoholic fermentation 

(7) oxYotX TENSION — Oxygen in Cargo amounts is necessary in the 
early stagey for the optimum reprwlurtion of yoa'>t cells C»ut is not 
rc<iuired for the pnKlurlion of alcohol During the fermentation, carbon 
dioxide is evolved and anaerobic eondition« are wsm i-«tabli-lied 

(8) Ti Mr) UATi'ii): — llie roa^b i-* pitcbo<l at a temperature of GO to 
SO'T , U'^ually 70 to SO"!’, depembng somewhat on the external tem- 
]s'Taturr. During fermentalJon, the tempemture of the ma‘b riM^. 
'Hie uv* of cxHiling coils or sprays on the cmt‘>ide of the tank helps (<> 
maintain a suitalile lemperaliire. At temperatures much alsive SO'F., 
alcohol cva{v)mtes rather rapidly Bacterial gniwth is alM) favonxl 

|‘.ri TIME iiigrnu.n nm riniiKVTvnov — fcrmentaticm is u-oially 
cfiinpleto in f»0 hr. or less, <lepchding on the temjsTnlure, sugar cotict-n- 
tration, and other f.artors 

(lOl tu«Tn I^vniiN — llie fcrmentetl ma«b t‘'Ns'r”l is distillrsl to 
H'parale the rtbxl nlrohnl and fu***! oil from the other ron'lituent« of the 
ma*b In rn*e then' i» a shortage of femuntor" and tlie •'Is'er" rnniuU 
all Is* tbstilbsl imnusli.nlejv . part of the “Is-er" i« pump»sl ti» a ►lorage 
t.nnV,, Itutwn n» n "Ns-r wen," wlierr il i* held until it ran flfldle*! 
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example, 4 parts of crater by xvcight xv'ould be added to 1 part of molas.*^?, 
containinR CO per cent sugar, by x>cight, to reduce the sugar concentra- 
tion to approximately 12 per cent. 

The concentration of the sugar in a wort is usually determined by 
means of a Balling hydrometer, an instrument that gives the approximate 
percentage of sugar at 00*^ , or 15.5®C. 

(5) NumiEKT sunsTANcKS.— Although molasses generally contains 
most of the nutrient substances required for fermentation, ammonium 
salts, such as ammonium sulphate or phosphates, may be added to the 
mash to supplj' deficiencies in nitrogen or phosphorus 

(G) pll OF THE MASH. — Fermentation prococtis satisfactorily when 
the mash has been adjusted to a pll of 4.0 to 4.5 This pH favors the 
yeast but is sufTicicntly low to inhibit the development of many typos of 
iiacteria. The manufacturer depends on the pH of the uort and the 
U'C of a large inoculum to take the place of sterilization, since it is co'^tly 
and impracticable to sterilize lai^c molas«cs mashes. Ordinarily the 
main mash is inoculated with a starter that represents 4 to G per cent of 
its volume, although the starter may represent from 2 to 25 per cent of 
the volume of the main ma«h under certain circumstances. 

Sulphuric acid h commonly u«o<i to adjust the reaction of the mash, 
although lactic acid is satisfactory*. Lactic acid favors the development 
of yeuht but inhibits the growth of tlie butyric aciil bacteria, which are 
detrimental to the yoa.«t fermentation. As a substitute for tlie addition 
of acid, the ma«h may t>c inoculated witli lactic acid bacteria, prior to 
the alcoholic fermentation 

(7) oxYGES TENSION. — O.xygon in largo amounts is necessary in the 
early stages for the optimum rr|iro<lurtion of yca'-t rrlls hut is not 
requirwl for the prcxluction of alcohol. During the fermentation, carbon 
dioxide is rviilvetl and anaerobic comhtions are soon estnbli«}ietl. 

(R) T) Mi'iTixTi'iiE — The mash is pitrhtsl at a tcmixTaturr of 00 to 
80®F , usually 70 to 80®F , depending wimewhat on the cxtcm.'il tem- 
IKTature. During fermentation, the tcmprniture of the mash ri-^^s 
'llie U“e of cooling cods or sprays on tlie outside of the tank lielps to 
inamtam a suitnlde temjx’ratun*. At temperatures murli nho\c SO®!' 
alcohol rv.aporates rather rapidly. Bacterial gnmih is also favored 

(91 TIME ni.xjnii»n ron n.im»:vr\TioN — .\ fermentation is usuallv 
complete in 50 hr. or less, depending on the trmiienilure, sugar rnneeri* 
tration, anti other factors 

(10) lUsTliusTios — llie fermeniM m.sdi (“Ijeer") dislil!r<l ti> 
M'lwrate the ethyl alcohol and <»i| from the other ron»titurnt« of the 
ma«h In r.-os' there i» .a sh<trtag«* of fermenlors and the “U-er” cannot 
nil l«e (h'tdhsl immrthntelv. jnrt of the ‘Mssr** i«i pumjxtl to a storage 
tank, known as a "Isxt well.*' •'■here it is held until it can t*e di*!dle»I 



120 


INDUSTRIAL MICROBIOLOGY 


During distillation, fractions containing difTcrent concentrations of 
alcohol (“wines") and slops are separated. The fractions containing 
approximately 00 to 90 per cent of ethyl alcohol are known as “high 
wines ’’ These fractions arc concentrated to 95 per cent ethanol by 
further distillation or fractionation. The fractions low in alcohol, the 
“low wines," are usually redistilled with new lots of “beer." The slops 
are ordinarily discarded but may be used in a number of ways. Some- 
times the slops may be used as a substitute for some of the water in dilut- 
ing molasses for a new mash. The solids from slops may be concentrated 
bj' heat treatment and sold as a fertiUzer constituent, for they contain 
potassium and phosphates in addition to other components. The slops 
may be used as a core binder (in foundries) or as an adhesive for artificial 
stone (briquette) 

(11) YIELD — The common yield from blackstrap mola.sses amounts 
to approximately 90 per cent of the theoretical, on the basis of the 
fermentable sugars. 

(12) FINAL TREATMENT. — The 190 pFoof cthyj alcohoI (95 per cent by 
volume) may bo further purified, dehydrated, or denatured as prescribed 
by the Bureau of Internal Revenue. Thus it is possible to purchase 95 
per cent ethyl alcohol, with or without denaturant; c.p. (chemically pure) 
ethyl alcohol of 90 per cent concentration; absolute alcohol, U.SP. 
(United States Pharmacopoeia); and anhydrous denatured ethyl alcohol 
(water-free alcohol ). 

(13) FLOW SHEET.— Schemes for the production of ethyl alcohol from 
potatoes, corn, and molasses are shown on page 128. 

c. Rapid Continuous Process.— Bilford and his associates*’* have 
described a laboratory process for producing ethyl alcohol from molasses 
by rapid continuous fermentation. The chief value of this process lies in 
the fact that considerably less equipment is required than for the con- 
ventional process. 

The process was briefly as follows. A suitable fermentation medium 
containing 10 to 15 g. of reducing sugar per 100 ml. was prepared, inocu- 
lated with an appropriate concentration of yeast cells, placed in a fermen- 
tation vessel (refer to Fig. 25), nutated ^vith carbon dioxide (1 8 to 5.4 
liters per min per liter of medium) or mechanically, and incubated at 
32.2‘^C. During the fermentation the pH was maintained vithin the 
range of 4.5 to 6 by adjustment with ammonia at )^^-hr. intervals and 

‘ BiLFono, H. R , R E. Scalp, W. H. Stabk, and P. J. Kolacjiov, Ind. Eng 
CAem , 34: 1.J0W410 (19J2). 

* Rilpord, n R , F II GALi.AOitEB, VT. H Stark, and P J. Kolachov, pp 17^' 
209, "Food lor Thought" (by II P Wllkw and P. J. Kolachov). Indiana farm 
Ruroau, Inc , Indianapolis, 1042. 



TIIVPRODUCTWS OF IKDUSTRIAh ALCOHOL BY FEIiMLXTATIOX 121 


determinations were made usually at hourly intervals of the yeast count, 
the Balling degree, and the reducing-sugar content of the medium. 
After a stationary phase of 2 5 to 5 hr., continuous operation was begun in 
which fresh medium was fe<l into the fermentor at a given rate (varie<l 
from 5 to 35 per cent per hr.) and fermented medium was withdrawn at 
the same rate. 



Senlf. n If .'^lark.andP J Kvfaehm. If»l Fng Chrm , H . MOO-UIO (lOICj | 

nilford and hi-* colLiboratt^rs' c\pcrimcnte<l with a gluro^o-ycast water 
meilnim and with llirec niolav'cs mi^lia. The gliico-c-ycast water 
medium «as compovod of 10 to 12 per cent of gIiico«c di'>'-olvc<l m 10 jicr 
ei'iil j'ca-'t nalor «hieh conlnine*! 0.1 per cent of (\n«)jlll’ 04 . One of 
the molaws mc*Jia contametl (‘uhaii hlackstrap molasi-es witli no supple- 
ment ; the second, refined mola.'*.‘<*s plus 75 ing of (N’II»):S ()4 per 100 g of 
nniljiN^'*; and the (hinl, licet molas'^^ plus 100 mg of (Nn 4 )jin’Oi p<T 
100 g. of niola**se««. Athhtionnl data concerning tlie moLivc-* meilia may 
lie obtained by reference to Table 20. 

The yeast usetl for the fcnnenlation of the gIueo«e-yeasl water 
meilium nsv* a variety of Eacrharomyrrs cfrm*»ior, de«igmfe<l ns Seagram 
\o. 1. An iimeulurn of thii ye-n-t wiw prepaml li> growing it in an 
' Piirtinii, 11 It , It V. *ir, tV. II. Sr«fiK, P 3 K')L.\ciin\, /«</ Eng 
Vhrrx. 34: MO-'. M10 
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Table 20. — Rapid CoNnifuoiis FEiiifENTATiON of Molasses' 
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aerated medium for 18 hr. at 30'^C. The quantity of cells required for the 
fermentation was separated from the growth medium by centrifuging and 
>vas resuspended in 3,000 ml of the glucose-yeast water medium. In one 
experiment, where the initial yeast count was 150,000,000 cells per ml., it 
required about 5 hr. to ferment 98 8 per cent of the sugar in a medixim 
that before fermentation contained 10 g. of sugar per 100 ml. At this 
point the process was made continuous. By increasing the initial yeast 
count to about 350,000,000 cells per ml., it ^vas possible to ferment 98.5 
per cent of the sugar in 2 5 to 3 hr under similar conditions, after which 
the processes were made continuous. It was possible thus to Use a 
throughput rate of 25 per cent per hour, during which time the reducing 
sugar content varied between 0 1 and 0.4 g. per 100 ml. in the fermented 
medium and the yeast concentration remained fairly constant at the 
initial cell count. Refer to Table 27. 


Table 27 — Ramd Continvovs Fermentation or Glucosb-veast Water Medium' 
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For further details, refer to the original paper, also to the book 
entitled “Food for Thought,” by AVillkie and Kolachov. 

2. Ethyl Alcohol from Whey.— A successful method for producing 
ethyl alcohol from \yhey has been developed by Browne' and by Rogosa, 
Browne, and AVliitticr* of the Division of Dairj' Research Laboratories, 
Bui call of Dairy Industrs', U.S. Department of Agriculture. 



no 20 Flow slieet of alcohol production from \Courtttu of Roa<»a. 

isroicne, and L O 0 At«,cr. /our. Pairp Science. 30 (No. 4). 2C3 (iDf?).] 


Tile process, m brief, consists of heating the whey to boiling, adjusting 
the pH to 5, separating out the protein by filtration, cooling the clear 
whey to 34''C. fOS^F.), adding 1 lb of Tonila cremons ycr 120 gal. of whey, 
carrjnng out fermentation at 33 to 34*C. for 48 to 72 hr., separating out 
the yeast, and distilling the alcohol. A flow sheet of this process is shown 
in Fig. 26 

Since the sugar of wJiey is lactose, it was necessary for Rogosa and his 
associates^ to o.xamine a number of lactose-fermenting yeasts to find one 
that would ferment all of the lactose in a relatively short time. Their 
findings, in respect to ivbey containing 6 per cent of lactose, are illus- 

) n. H , Ind Eng Chtm . Neva Ed,, 19 ; 1271 (1041). 

^ E, O. WiiirriER, Jour. Dairy Set., 30 (No. 4V. 
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tmtwl in Fig. 27. It is evident from thi« chart tliat 7\ cnuwris \\us the 
most satisfactory j’cast c\amine<l. 

The inaNimum amount of yeast roqiiire<l for seoding \vas found to 
l*e 2 jXT cent of tlie weight of the lactose prcsimt in the tnIiov Wforo 
fermentatTon. 



rERMCNTATIOM TIMC in MOORS 


Ij.) J? llfUtiTf rflmrnr) <>t Urlw<* IpriDfBlMmn »1> UHow^IpTHiniUii* )« iM* j< 

l.iyofM /fopofi // II llr^ft. aft-l r » II AifOrr JO (No 1 

(U*i:i 1 

The UM* of IV tcnii'orntun* •*! 33 ti» Sl't' is rta'oinnu nd'sl i' 
and his coworker*, aUhoURli frrmmtntioii is noiunJly more raj'i S . ’ 
tlinn III any other temiwT.ature m the range of 30 to 12 (*. }lu > 
loss of alcohol throuRfi c\ai»ora1ion isjnorc mpuf id«/» at :i7'< ' , 
rliglu tvivings in time nrroinp' ’ ^!he of l!n< i* r _ 

not vvarranteil I.ikew i-s* m thr •M'fl.Vtg,! l.i'. 


120 


INDUSTRIAL MICROBIOLOGY 


started at 30®C. the temperature eventually reached a level of 33 to 34‘’C , 
At which level it remained during the most active part of the fermentation. 

Clarification may be carried out by heating the whey, adding sour 
whey or acid, and filtering off the protein. The initial pH of the clarified 
whey should He between 4.8 and 5.2. 

Rogosa, Browne, and WTiittier recommend that the pH of the whey 



Fia. 28. — Course 0/ pS change during fermentation by Torula eremoris. 

M. Rogosa, H II. Brotrne, and E. O. WhUtier, Jour. Dairy Science, 30 (No 4). 263 J 

mash be adjusted to a range of 4 7 to 5.0. Figure 28 shows pH changes 
occurring during fermentations started at different initial pH levels. 

Yields of alcohol averaged 90.73 per cent on a laboratory basis, an as 
low as 84 per cent under semi-plant conditions. 

By-products of this fermentation are the whey protein and the s ojw, 
the latter of which may be dried after the alcohol has been distilled m aci 
solution. 

The need for the following b 3 .sic equipment for plant operation las 
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been indicated by Rogosa and his associates on the basis of their research 
^\'ith 150-gal batches' a cream separator, a tank equipped with heat 
exchanger or liquid heater for heatmg the whey, a chemical feeder or 
proportioner for handling acid or sour whey, a filter press, a cooler, closed 
fermentation vats (fermenters), ycMt tubs and a yeast room, an air line 
and filter for supplying sterile air, a yeast separator, a still, a storage tank 
for the alcohol, facilities for concentrating and drying the slops (if 
desired), pumps, pipe lines, and a steam supply. 

A partial list of manufacturers of some of the foregoing equipment is 
supplied by the U.S Department of Agriculture (BDIM-1011, May, 
1947) 

3. Ethyl Alcohol from Com. — Normally corn is the chief grain 
source of ethyl alcohol in this country. 

a. Preliminary Treatment’— Qora with or without the germs is 
ground, mixed with water, and cooked with steam under pressure to 
gelatinize the starch The mash is then blown to a converter tub where 
additional water is added After the temperature of the mash has been 
reduced to about 140®F (fiO'C ), barley malt is mixed with the mash 
The enzymes, contained in the malt, convert much of the starch of the 
corn to a fermentable sugar (maltose) and also break dou*n some of 
the protein material. (Refer to the chapter on Brewing for details of the 
action of malt ) The com may bo saccharified by the use of mold bran, 
acid, or by another procedure (refer to Chap III). 

The mash containing the saccharified starch is transferred to a fer- 
menter, adjusted to the proper sugar concentration by the addition of 
water, if necessary, cooled to a temperature of 65 to 80°F , and mooulatcd 
with yeast 

b Flow Shed — A scheme for the production of ethanol from com 
is shown in Fig 29 

c Some Special Uses . — Alcohol manufactured from corn is con- 
sidered to be especially desirable for certain uses, on account of its 
freedom from foreign odors and flavors For example, such alcohol may 
be used in the manufacture of perfumes, flavoring extracts, and high 
quality medicinals. 

4. Ethyl Alcohol from Wheat. — Almost 700,000,000 gal. of alcohol 
were produced from wheat and its products during the period from late 
1942 to July, 1945, according to Boruff and Van Lanen.^ ^Vheat was 
used as a carbohydrate source because of the huge demand for alcohol, the 
shortage of molasses, and the surplus of •wheat during the early years of 
World War II However, the distillers were not experienced in the use of 
wheat and often did not have the best facilities for processing it or for 

‘BoRt'iF.C S.nndJ M Van L\nen, / nd i’nff CTem , 39:034 (1017) 
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recovering the by-products. Furtlicrmore, tlierc was considerable 
foaming during fermentation when the concentration of wlieat was htgli. 

A 'WhcaWUcohoI Research Committee was appointed by the War 
Production Board early in World War II to help .“solve the probIcm.s 
incumbent upon the utilization of wheat. Tlie Northern Regional 
Research Laboratorj* was seloctcti as the coordinating agency. A sum- 
mary of conferences and collaborative research was puhli.«hod h}* the 
laboratorj’ in March, 1944 * 

Stark, Kolachov, and Willkie* roporto<l their findings on the u.«o of 
wheat for alcohol pro<luct\on. They found that the While or Soft Rwl 
Winter (Red Winter subcla.ss) tjT>cs of wheat were bc.st suited for alcohol 
production; that Durum and Hard Red Spring wheafs uric gonenilly not 
suitable because of their low cr .starch contents; and that Hard Retl Winter 
wheat was intermediate between these groups in acccptabilit}’. They 
observ’cd tliat pressure-cooking by the bateh or continuous-process 
methods or atmo.spliene mnslung at 155*F were sati.sfactory. 

The continuous pressure-cooking of whc.at was carried out ns follows: 
Soft Red Winter wheat (Rotl Winter Grade 1) was ground m sucli a 
manner that 55 per cent remained above a 20-roc.sli screen The ground 
wheat was mixed with water and the prcmalt, precooked at M5®F for 
10 min , passed through a jet heater at 350’F. and held for 00 sec., then 
cooled to 152’’F. (GO 7*C ), m a continuous operation. In tlio atmos- 
pheric ma.shing process at 155®F . water (22 gal. per Ini.) was hentc<I to 
HOT and the wheat, ground as described above, was addetl. The 
mixture was heated to 155®F m 15 mm and held at this temperature for 
I hr. Thereafter the ma«h was coolcil to the ronvorsion tempornturr 
(145 to 148"F.) and the conversion agents wTro added A fx-ncxl of 30 
min. wa.s permitted for conversion 

The problem of foaming may u’^ually Ik* overcome Iij* using mixtures of 
corn and wheat In winch the wheat represents not moiV th.in 3.') to 10 per 
rent of tlic mixture. 

The recovery of distillers’ grain and .solubles was low early in flie war 
duo to lack of adequate facilities m the dutillene-*, but was high by 1015. 
Reports concerning In’-product.s and their recovery have Ix-eii m.ide by 
.Miller;* Jacobs;* BorufT;* and others 

6. Ethyl Alcohol from Dehydrated Sweet Potatoes. — 'flic pro<luftion 
of ethanol from dehydrated sweet potatoes of tlie Puerto Rie*> and 

tK'pt of .XcncuUurr, Northern ItrKtnnal I{e<«rnrfh Mnrrh, 

mil 

•STAnK.U' ir.P IvowniovanrlH F WilAKir, /nrf Eng , S5: IM (lon) 

• MiLLrtt. i: .*?. .!« .ViWrr, Jijnr. 1913 

• jArofiA, P n . Northern IWlonsI nr«i<**rr?i lAl«orator>. AtfViS (July, lt»ir.) 

• lloui rr. r .S . /n4 Eng Ch*m , 59: f-OJ (Ini7/. 
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varieties has been studied by Jump, Zarow, and Stark.^ The dehydrated 
potatoes were in the form of slicks about to ^ in. in diameter and 
up to in lengtii. Tlio potatoes, ground or unground, u'erc pre- 

pared for fermentation by mixing u*ith stillage and/or water, by cooking, 
and by saccharification with barley malt. The mash bill used in the 
first fermentations was usually 89 per cent dehydrated sweet potatoes and 
11 per cent barley malt. Previous to cooking (at 35 gal. of water and 
stillage per 5G-lb. bushel of potatoes), the water and stillage, in a ratio of 
2. 1, were lieatecl to 120*F. The potatoes, ground or ungrotmd, were tiien 
added together uith 1 per cent of the malt for premalting purposes. 

Atmospheric cooking at a pll of 5.3 was accomplishetl during the 
raising of temperature of the mash to ^C’F, in 1 hr., the holding of the 
temperature between 20G and 202‘*F. for 1,5 hr., and cooling to I-IST. in 5 
min. Pressure-cooking, when used, was accomplished in a similar 
manner, except that the mash was lield at 20C to 202‘’F. for 0.5 hr, instead 
of 1.5 hr. and then was autoclaved for 1 hr. at 22 Ib. of steam pressure. 

Saccharification was initiated at 145*F. In the first fermentations 
half of the malt was added and the mash was held for 10 min. at WST. 
Then the remainder of the malt was added and the mash was cooled to the 
setting temperature In an alternate method, all of the malt, except that 
used for premalting, was added and the mash was maintained at HS^F. 
for GO min. 

The stillage used was of two kinds: who.at-milo and sweet potato. 
During the first fermentations, sufficient stillage was added after the 
saccharification process to bring the concentration of stillage in the mash 
to 38 per cent. 

A concentration of 45 gal. of m.a.sh per bushel of grain was used in 
setting the fermenters 

Table 28 shows alcohol yields from ground and unground dehydrated 
sweet potatoes ' 

Jump, Zarow, and Stark^ concluded os follows as a result of their 
studies. 

The L-4-5 varietj' was belter than the Puerto Rico %'ariety for alcohol produc- 
tion Grinding was not necessarj’ before cooking, although it increased yid * 
slightly. Best yields of alcohol were obtained when the final mash containe 
33.3 per cent by volume of a wheat-milo stillage. Yields were distinctly Iwer 
with sweet potato stillage or mth no stillage. There were no significant differ- 
ences in alcohol yields from mashes cooked by atmospheric or pressure methods. 
In a plant run, yields of 4 77 proof gallons of alcohol per bushel were obtained wh 
Puerto Rico sweet potatoes, and 6.44 proof gallons per bushel with the 
variety. Cooking and conversion (saccharification) of dehyd''ated sweet pota oes 

^ Jump, J A., A I Zarow, and W. H. Stabk, Ind. Eng. Ckem., 36 : 1138 (1941). 

^Ibid. 



THE PRODUCTION OF INDUSTRIAL ALCOHOL B Y FERMENT A TION 131 


may be carried out successfully in grain distUIenes without use of grain other than 
malt for conversion and without any change in the equipment 


Table 28 — Alcohol Yield from Dehydrated Sweet Potatoes, Ground and 
XJnground*'* 


Potato 

Grind 

i 

Baiting 

Final data 

Sugar, 
g / 

100 ml 

Alcohol yield, 
proof gal /bu 

Plant ef- 
ficiency, 

Wet 

Dry 

per cent 

L-4-5 (shredded) 

Tlnerround 

0 6 

0 72 

C 06 

6 50 1 

92 5 


Coarse 

0 6 

0 80 

6 Ifi 

6 61 ' 

94 1 


Fine 1 

0 6 

0 80 

6 16 

6 61 

94 1 

Puerto Rico (shredded) 

Unground 

1 7 

0 78 

5 76 

6 27 

86 6 


Coarse 

1 9 1 

0 96 

5 70 

: 6 S2 

, 87 3 


Fine 

1 8 1 

0 85 

5 70 

1 6 27 

i 86 7 

Puerto Rico 

Unground 

1 2 

0 76 

5 76 

6 83 

87 3 


Coarse 

1 2 1 

0 76 

5 88 

6 47 

89 2 


Fine 

1 2 

0 75 

5 89 

6 48 

89 3 


iJVMFiJ A A I Zabow ao4 W II Staax. / iu( Bng CAem , SC. 1I3S (1M4) 
* Represents the average oi three fermeoters 


6. Ethyl Alcohol from Jerusalem Artichokes. — The Jerusalem arti- 
choke, or girasol (Hehanthus tuberosus), native to North America, is a 
plant that has been studied m recent years as a possible source of levulose 
and/or industrial alcohol. Although this plant is cultivated on a largo 
scale in some parts of Europe, it is not an important crop m the United 
States at present, except in a few localities. 

The Jerusalem artichoke is rich in the polysaccharide inulm {C*H loOOn, 
which is readily hydrolyzed to levulose 

a Yield per Acre. — The Jerusalem artichoke has been studied by 
Boswell and his associates* in considerable detail Investigating 20 
varieties of the Jerusalem artichoke, all grown in three different parts of 
the United States for throe different years, they found that the mean 
yield per acre was 0.58 tons at Urbana, III., 16.73 tons at Corvallis, Ore , 
and 8 74 tons at Washington, D C. The mean yield of the 20 varieties 
at all tliroc places for three years was 10.69 tons per acre 

h. Si<gar Content — The sugar content of the tubers, after hyilroly- 
sis, varied in different seasons. A si\-yeur mean analysis of the 20 

* Bosmlll. V It , C B STLi>n\um, M F Babb.W I, Huruson, W II \unn~ 
MW, niul H A SciiOTii, U S Dfpt. , TeHi Dull. 514, May, 1930 
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varieties of Jerusalem artichokes investigated above sbou'ed J3 33 per 
cent lD\'ulose and 10,38 per cent total sugars. 

c. Storage. — If an alcohol plant is to be operated continuously a 
constant supply of the raw material must be available. The fresh 
Jerusalem artichoke tuber cannot be stored satisfactorily. However, 
certain methods for storing the product have been worked out. Mc- 
Glumphy and his associates* shoued that the thinly sliced tuber could be 
satisfactorily desiccated and stored witiiout sugar loss. 

Both the dried and frcsli tuber chips may be extracted bj’ water in 
diffusion batteries, but such extracts deteriorate rapidly owing to micro- 
organisms. If the extract, which contains the soluble sugars, is evapo- 
rated under reduced pressure to a total solid content of greater than 70 
per cent, it becomes immune to decomposition by bacteria and yeasts 
By storing the concentrated sirup under an atmosphere of carbon dioxide, 
mold growth is also prevented.* 

The carbohydrates of the extract were stable at pH values between 
4.8 and 9.0 at temperatures as high as llO^C.* 

d. Fermentation. — For fermentation, the sirup is diluted to jdeld 
approximately 12 per cent reducing sugars after hydrolysis, sterilized, 
cooled, and inoculated with yeast. Saecharoinyccs cercrisiaci S. anamen- 
SIS, and especially S. pomhe have been used with satisfactorj' results by 
Undcrkofler and his associates.* 

It is not necessary to make a preliminary liydrolysis of the sirup or to 
add additional nutrient substances 

e. Culture of Yeast. — ^^Ticn the yeast was continuously cultured 
on unhydrolyzed sirup from artichokes, its ability to produce ethanol 
was increased.* 

/. Yields —Yields of 90 per cent or more were obtained under the 
foregoing conditions. 

7. Ethyl Alcohol from Sulphite Liquor. — Sulphite liquor is produced as 
a waste product in the manufacture of pulp from wood. 

a. Pulping Process . — Spruce, hemlock, or some other kind of wood is 
cut into small chips that are subsequently digested with calcium bisul- 
phite, using heat and pressure. The sulphite liquor reaches a tempera- 
ture of 130 to 140"’C. toward the end of the process. In some processes 
the temperature may rise even higher, with the result that some of the 
sugar in the liquor is destroyed. The cellulose pulp obtained by tWs 
method is used for tlie manufacture of paper. 

»McGi.umpmt, J. H, J. W. Eichikgeb, R. M. Hnen-v, and J. H. BucirAS^s, 
Ind. Eng Ckem , 23: 1202 (1031) 

» Underkofler, L a , W. K. McPbEbson, and E. I Fulmer, Ind. Eng Chm , 
29: 1160 ri937). 
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b. Composition of Sulphite Liquor . — Together with each ton of pulp, 
there is produced 8 to 10 tons of sulphite liquor, which contains from 
10 to 12 per cent of total solids One analysis' of sulphite liquor showed 
the presence of the following products for each 1,000 kg of cellulose 
obtained from Swedish spruce: lignin, 644 kg.; carbohydrates, 311 kg.; 
proteins, 15 kg.; resin and fats, 73 kg.; sulphur dioxide combined with 
lignin, 235 kg.; and calcium oxide combined with lignosulphomc acid, 
102 kg 

The carbohydrates consisted of 49.4 per cent glucose, 15 6 per cent 
mannose, 8.1 per cent galactose, and 26 9 per cent nonfermentable 
pentosans (arabinose). 

Approximately G5 per cent of the total reducing sugars are usually 
fermentable. 

^ c. Treatment of Sulphite Liquor —Before the liquor is inoculated with 
yeast it is necessary to remove or neutralize the sulphur dioxide, acetic 
acid, and formic acid that arc present. The methods commonly employed 
to accomplish this are (1) steam-stnpping followed by neutralization with 
lime or calcium carbonate; or (2) direct neutralization. 

d. Prodi/rifon.-— The production of ethyl alcohol from sulphite waste 
liquor has been described by Foth, Sankey, and Rosten (.1044), Joseph 
(1947), Ericsson (1947), and others, 

Et^l alcohol is produced commercially from sulphite liquor m this 
country, Canada, Germany, Sweden, and otfier countries. 

e. Process at Bclhnghatn, Wash — Ericsson* described the production 
of ethyl alcohol from sulphite waste liquor at the Bellingham plant. 
Figure 30 shows a flow diagram for the process. 

COLLECTION OP LIQUOR.- — Sulphite waste liquor from the digesters is 
discharged, together with wood pulp fibers, into blow pits that have 
perforated bottoms or plates of stainless steel The sulphite liquor la 
drained off and stored in a tank at a temperature of about 90 C 

CONDITIONING. — From the storage tank the sulphite liquor is pumped 
to the top of a column and flon s downward over stamlesa-stecl pcrforatc<i 
plates, while steam introduced at the bottom of the column and flowing 
upwards removes sulphur dioxide and other volatile materials. The 
sulphur dioxide saved is reused. The hot sulphite liquor is pumpc<l 
through screens W'hich remove wood pulp fibers. It flows by gravity to a 
storage tank. Passage of the liquor through flash coolers reduces Us 
temperature to SO^C and concentrates it by about 10 to 12 per cent A 

slurrj’ of lime is added to adjust the pH to 4.5. Urea is added to liic 
liquor as a source of nitrogen. 


* Ewtt-ON, E, tv , Chem Inds , 38: 573 (inSG). 

* I.’RiCssov, r. O., Cfiemcal E»g Proffrtn*. Tran^ Bret 


43 (No. •I):m'>(iai7) 
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rERMEXTATioK. — The eondiUonwl sulphUe liquor h \'Uu\p»Hl luto Iho 
first of a series of seven intetx'onueetwl fennenthtum t«nhs, Yea'it f\\Mn tv 
previous cycle is mixe<l u ith tho sulphite liquor «h it How s to the (oi iuo»\ter, 
The medium is apitatofl in each lank ami llm Ihm- {>f ll(|U(>r i-* (»i\ a c<in' 
tinuous basis. Fermentation is earrietl out at 

BurARATiox OF YKART. — After tho fmmeutation Is over, in nl»out ’.'q 
hr., tho fermented liquor is pumpinl to yeast separators. The lecpilu'd 
jxmount of yeast is returnexl to tho first fennenter for lextse, 

FINAL oeF.u.moNs. — ^Tho elarifieil Ihpior (boor) Is pansi'd by Ktavlly to 
a storape tank. Then it is distilloxl. Finally tho aleolu»l Is toi'lllletl to 
190 proof or hiRher, p\irifie<l, and w'arehoused. 

YIELD. — The yield ia 22 pal. of aleolu»l i>or ton of jail|v 

CAPACITY OF PLANT. — Tho Capacity of tho plant is (l.rtbO pat. (or mou') 
of alcohol per day. 

/. The Mcllc Process . — This process was xloveloped liy l.i's Unlnert do 
Mellc' and involves the “rc^iho of yeiisi,” Tho jm’hhI fioin a I'oinplatf'd 
alcohol fermentation ia separated from tho ideohol and hpiMil llqtioi’ liy 
means of contrifuRal separutorK. ThiHyeiiHt is xjwmI jipalii itiid npidii with 
usually no appreciable loss of ferinenialhm nblUty. 'I’lie leiiw* of ytiasl Ih 
particularly important! in the alcoholic foiinciitalloti of Piilpliilo ll(|noi', 
Avhere large quantities of yeast arc cswntiril for >ii|ild and clllelcid 
fermentations. 

8. Ethyl Alcohol from Wood Supara. -In order lo obtain miultniitii 
yields from wood suparH, it w cshimtial to rcinnvo inldlilliiip milmtiiiii'cH 
and to add necessary nutrients. 

Several actions may be taken lo remove InhibHIiip rnateriidrt, 
example, I^onard and Ilajny* found Unit the to*!*' elniiinirT of llio wo(«|' 
sugar solutions could be eounb-racted by the iiddHIon fif redni'iiip fipruiU, 
such as Na»SO*, NallSOi, NujHjOa’fiHjO, Kllftfbt 

Na»S, sulphite w'aste liquor, alkali dwiomp^wd rupar, ftscfubie field, 
cysteine, and rwiuced-iron filings. Tlie earne elTwt eoidd l»e reenre/l by 
heating neutral solutions. The ammint of dls>olvefl cfilrlnm iiilljildb' 
was df«'rea“eil by neutralization «t atmiit J'or goo*! fflivibol 

yields and avoiflanee of sugar h/t'K's, iM'aling (•boiiW be for I Ft loJtO tn\ii til 
l-lO^C. with the solution at a pH of 4,S io Ft.2. 'I’tixU' y>i\it-A»tn't'n Wfn' 
remove<l from the wofxi hydrolyzaU; tfy rleufo distillation, which v/h« 
partieulariy iK’neficial when a quantity <»f greaU-r than ft.l (;>er eenf tif 
furfural was prf-fcent, 

I>eonard and Ilajny* fwnd tlie follovsing wiethM tA tft'ntiriic tto/l 

* Caiia/li 2 *J Pal"nt>! 3t 1,720, 402ffif7, 

*LEO^AEa. II It . sed (i. J. H MeA, Ffji, A'/r.^ Piiful 

Pnyj-jxit l/afj ■ 1911, 
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fermenting wood sugars to l>e 'J’Ijc ncid Jiyrlrol^'zate was 

neutralized at room temperature to a pit of 5.0 ± 0.2 with a shirrj' of 
ealcium carbonate. The pro<U!ct. was filtcrwl and 0.03 per cent l)y weight 
of sulphur dio':it!c as XajSOj, XasS:Oj, or similar reducing agent, ^sas 
added The mixture was heato<i for 15 rain, at 135 to M0°C. in a bomb, 
drawn, and cooIe<I to 30®C. The pif of the racdlum was ndiu.sfed to 5.8 
a ith scKliura hydroxide. Xutricnf.s, 0.02 per cent urea and 0.000 per cent 
XnIIiP ()4 hy ueighl, were addled and the medium was inoculated m’th 2 
per cent h}' volume of fre.sh ytxist {S. errevixiar Xo. -iO of the University of 
Wisconsin collection) and ngitate<i. The fermentation nas usually 
complete in Jess than 20 hr. when the initi.al sugar concentration, as 
glucose, uas 5 to 7 g. per 100 nd. 

Harris and associatc.s* studied l)ie fermentation of Dougins fir hydro- 
lyzates Tlici’ obsm'cd that the fermentation time was 5 to 0 hr. nhen 
the inoculum was 2 per cent hy ^Iiy x\eight of S. crrct-mac (X'o. 49 Uni- 
versity of Wisconsin) and 2t hr. wlicn the inoculum was 0.5 per cent by 
<iiy weight. The yeast from an 18* to 20-hr. fermentation \su.«5 usotl to 
inoculate a frosli lot of medium containing 5 per cent sugar. At tJio end 
of tins fermentation the yeast was separated out and need to moculoto a 
new batch. Tliis sequence was followe<l 50 limes Vithout loss in alcohol 
yield and without contamination with bacteria and other yeasts or molds. 
It was pos.sil)Ic to increase the rate of fermentation but not the yield of 
alcohol from wood sugars by (he addition of 0.025 per cent Louisiana 
second-crop molai'ses. They obtained yields of 3D 2 to 40 per rent based 
on total sugar and 17.0 to 47.9 per cent based on fermented sugar. In 
terms of a 5 per cent sugar solution, n yiekl of 2.CI gal. of 95 per cent 
alcohol per 100 gal. of hydrolyzatc was obtained. From 1 ton of drj’ 
bark-froc wood, 01.5 gal. of alcohol were prothiccd. 

Two-bushel-per-Day Continuous Alcohol Unit. — Alt'^helcr and his 
associate,*!* have designed a continuous-process unit capable of pro I'lcing 
5 gal. of 190-proof alcohol in 24 hr. from 2 bu. of grain. A flow diag-.im of 
the process employed is shon'ii in Fig. 31. The proces.s is as follows: 

Com is transported from a bin by a scrcw-conveyor to a Raymond 
hammer mill w liere it is ground in such a manner that substantial^’ all of 
it p.asses through a 20-mcsli screen. The meal is blown by the mill to a 
cyclone separator from which it falls to a gluriy’ vc.s^cl made of Tyrex 
glass. It is mi.\ed with enough water to provide a ratio of about 23 ga • 

'IIabbis, E E., G. J. H-ij.vr, M. IIannak, nnil S. lloocns, .Vimeo Xo R 1018, 
U.S Dept of Agriculture, Foreit ProducU Lab., J\jno, 1046. 

» Altshelek, tv. B., II. tv. RIollet, K. II. C. Broh-n, tV. II Stark, and l> A 
Smith, Cketn. Eng. Erogresi, Tmnt. Sect., 43 (No. 9); 467 (1947).. 
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per bu. SufTicient hulpluiric jieul i«5 added to produce 11 ucight concen- 
tration of 1.25 per cent. 

The mash is forced to a cooker tube, %\hich w I 5 m. m diameter anil 
made of copper, by a piston pump. Steam at a presMire of 150 lb. per 
in. heats it almost instantly to 340®F. It is held m the cooker for G min , 
and then neutralized by a slurry of calcium carbonate. It is then cooled 
to 8S to OO^F. in a heat exchanger (20 ft. of 0.25-in copper tubing in the 
form of a helix with cooling water on the outside), and discharged to the 
first of two fermenters 





138 


INDUSTRIAL MICROBIOLOGY 


Table 29. — Average Annual Pbopuction of Certain Agricultural Bt-products 
FOR 1931-1935' 


By-produck 

i 

Grain 

per 

bushel, 

pounds 

Dry by- 
product 
per 
pound 
of grain, 
pounds 

Dry by- 
product 
per 
bushel 
of grain, 
tons 

Average 
production 
of drj’ by- 
product, 
1,000 tons 

Estimated 
quantity 
of dry by- 
product 
available 
for indus- 
trial use, 
1,000 tons 

Wheat straw 

60 

1.9 

0 057 

38,794 

29,000 

Rye straw 

56 ' 

2.5 

0 070 

2,378 

1,800 

Oat straw 

32 1 

1 3 

0.0208 

20,156 

0 

Barley straw 

48 1 

1.2 

0 0283 

5,965 , 

4.474 

Flax straw 

56 

4.0 

0 112 

1,128 , 

1,128 

Rice straw 

45 

1 2 1 

0.027 1 

1.0S9 

820 

Total straws. 




69,510 

! 37,222 

Corncobs 

56 

0 22 

0.00616 

12.408 

1,400’ 

Oat hulls . . 

32 

0 30 

' 0 0048 

4,651 

150 

Rice hubs 

45 

0.20 

1 0 0045 

182 

182 

Cottonseed bulls 




1,1C5* 

583 


1 



lB3t 

93 

Total cobs and hulls . ... 

1 



18,589 

MM 

Com stover 

i 56 

I 2 

0.0336 

63,681 

2S,500 

Cotton stems and pods . . 




17,544f 

12,281 

Bagasse fiber, continental United 










423§ 


Bagasse fiber, insular United 






States 




3, 27611 

3,276 


IHH 



84,924 

44,480 

Grand total 




173,023 

81,109 








‘ Senate Document 65, 76th ConEreea. let Session, “A Report of s Survey Made by the Dt^rt- 
inent of Agncultore Relative to Four Reponal Research Laboratories, One in Each Major Farm <'• 
duaog Area," Wsahington, D.C , 1939. 


maintained at 88 to 90®F. in the primary fermentor by means of water 
circulating through coils. The pH is 4.4 to 4.0. 

.rUcohoI is stripped from the beer by 20 perforated plates located m the 
lotver section of the still and rectihed by 26 bubble-cap plates in the upper 
section of the still. The alcohol vapors from the top of the column travel 
to a condenser, which is cooled by water. 
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For {virtUcr details, the retuler is teferred to the original publication by 
Altshclcr and his coworkersd 

Cost of Producing Ethyl Alcohol. — The cost of producing ethyl alcohol 
from various raw materials varies considerably and is determined more or 
less by world conditions. Tousley* has discussed this subject in some 
detail. 

Cellulosic Wastes. — Each year millions of tons of cellulose-containing 
materials are permitted to go to waste in the United States. In Table 29 
are presented estimates concerning the production of various by-products, 
which may be termed agricultural wastes or residues. These data are, 
of course, subject to vanation from year to year, since crop production is 
not stable. 


Tahir 30 — /URRARr. Yiruo* op 99S Pfii Cest Alcohoi, rr.a Ton* 


Material 

Gallons 

Material 


Wheat (all vanctiesl . . 

$5 0 

Yanw 

27 3 

Com . ... 

St 0 

Fotatoos 

22 0 

DucHheat 

83 4 

Sugar beets 

22 1 

Raiaina .... . . 

81 4 

Fig8, fresh 

21 0 

Oram HOTghum . . 

70 5 

Jerusalem artichnkra 

20 0 

Ilicc, rough ... 

70 5 

Pineapples 

1 15 6 

Barley . . ' 

70 2 

Sugar eanc 

15 2 

Datet, dry , , , . . • • 

70 0 

Grapes (all varieties) 

16.1 

Rye . . • • 

78 8 

Apples 

14.4 

Pmnes, dry . . 1 

72 0 

Apneots 1 

13 6 

Molansca, blackstrap 1 

70 4 

Pears 

11.5 

Sorghum cane 

70 4 

Peaches 

11.5 

Oats 1 

03 0 

Plums (nonprunes) 

10,9 

Figs, dry 1 

1 69 0 

Carrota 

9 8 

Sweot potatoes 

1 31 2 




» Probable yieU from a abort Ion of the rnw material. ealculateU from the ayerage (erraentahle 


* Jacobs. P. B , and H. P. Newron. U S Dept Aor , Wiae Puh. 327. December. 1938 

Yields from Various Raw Materials.— The probable average yield 
of 99 5 per cent ethyl alcohol per ton of raw material is shown m Table 30. 

Table 31 supplies information concerning the probable average yield 
of ethyl alcohol per acre from various farm crops 

Government Superrision.— The purpose of Government supervision 
is to prevent tlie illegal use of untaxed alcohol. Ethyl alcohol is taxed, 
of course, to provide revenue for the Government. Should tax-free ethyl 
alcohol be used for beverage purposes, the tax from such alcohol would be 
lost. 


‘/bid 

• TousLcy, It D , Ck^m 


Mft Enj,Ba(No 101- 120 (Octob(‘r, 1045) 
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composition and the quantity of fusel oil formed varies, hovcver, ac 
ing to the raw materials used and the nature of the fermentation, 
example, 1 gal. of fusel oil may be obtained for each 1,000 gal. of et 
in the fermentation of molasses,* but larger quantities may be obt 
from potatoes and com. 

Fusel oil ia used principally as a lacquer solv'ent. It is usuall. 
refined or separated into its components. 

A further discussion of some of the constituents of fusel oil vr 
found in the following chapter. 
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Hexose Phosphates. — Harden and Voimg* (JD05) discovered th 
importance of phosphates in cell-free fermentation. They have demor 
strated that inorganic phosphates disappear during the first part of (h 
fermentation^ while organic phosphates^ i.c., esters of Iiexose, are pro 
duced. They have described hevosodiphosphatc and proposed th( 
following fundamental equation for fermentation by yeast extract; 

2CJI„04 + 2PO.}m, - 2C,II.OI{ +2CO, + C,II„O«(I’O4U0t + 211,0 


Hexosediphosphale is an important intermediate in the schemes o 
Embden, Meyerhof, and others for the breakdown of carbohydrates 
This compound contains two phosphate, or phosphoric acid, molecule; 
attached, one each, to the first and sixth carbon atoms of the hexose 
which appears to be fructose. The same he.xosediphosphate is obtaiaec 
from glucose, fructose, or mannose. 

At least two hexosemonophosphates, ivhich have di/Torent properties, 
have been prepared; the Robison ester (glueopyronosc-G-phosphoric 
ester), and the Neuberg ester (fructofuranoso-G-pliosplioric ester). ^VTien 
these esters are hydroly2(5d, they yield glucose and fructose, respectively.’ 

Hexosemonophosphates have been syntliosizcd by Levene and 
Raymond, Smythe, and others. A trehalosomonophosphate has been 
isolated by Robison and Morgan from a fermentation brought about by 
dried yeast. 

Hexose phosphates arc fermented at different rates. The diphosphate 
is fermented more slowly than glucose, while hexosemonophosphatc is 
usually fermented more rapidly than the diphosphate, at a rate compar- 
able with glucose in the initial stage only.’ 

The addition of hc.xose phosphates to cell-free yeast extracts contain- 
ing glucose removes or greatly shortens the period of induction (the pause 
before fermentation starts). Without phosphates, no fermentation takes 
place. 

The addition of phosphates to a medium does not affect the rate o 
fermentation by living yeasts- 

For further details in respect to this very important subject, t e 
reader is referred to Harden’s monograph, “Alcoholic Fermentation, an 
to the bibliography that follows this chapter. 

Methods of Studying the Mechanism of Fermentation. Information 
concerning the mechanism of the ethyl alcohol fermentation nia> ® 


‘ /'Aysiof., 32 (Proc., Nov. 12. 1904), 1905 , 

* Gobtneb, B. a., "Outlines of BtochenJistry,” 2d ed , John b iley cc Sons, i 
New York, 1938 

* Miciiaelis, L , Ind. Eng Chen, 27: 1037 (193$) 


THE MECHANIBM OF ETHYL ALCOHOL FEHMENTATIOX 147 

gained by studying the related mechansim of lactic acid formation by 
muscle extracts; by the use of cell-free yeast juice or extracts, fixation 
methods, selective poisons, and dialysis; and by other means. 

1. Related Mcchamsm of Lactic Acid Formation bp Muscle Extracts . — 
Any productive advance in the study of the mechanism of lactic acid 
formation by muscle extract has usually aided materially in the stud}’ of 
the mechanism of the ethyl alcohol fermentation, and vice versa. The 
researches of Embden on muscle extract exemplify the impetus that 
research on the former may do for the latter. The outstanding ivork of 
Meyerhof and his school add further proof to the valuable insight gained 
through correlative studies. 

2. CeU‘frec Extracts . — Since the important reactions that take place 
in the conversion of sugar to ctliyl alcohol occur normally snthin the 
living cell, since added hexose phosphates arc fermented extremely 
slowly or not at all, and since the isolation of intermediates from tlie 
living cell is impossible in many cases, but comparatively little informa- 
tion concerning tlie intermediary reactions may bo derived from studying 
such cells Accordingly, cell-free extracts are used 

Two common methods of preparing the c.\tract are the Buclmor 
method (already mentioned) and the Lebedev* method In the latter 
method the yeast is washed thoroughly with water, dried at 25 to 30®C., 
rubbed through a sieve, dried further, and stored until such time as an 
extract may be required. The extract is prepared by mixing 1 part by 
weight of dried yeast with 3 parts of water, incubating at 37®C for 3 hr. 
and filtering the extract into a vessel cooled by ice.* It is important 
to use an extract that is free from living cells. 

3. Fixation Method — The fixation method was used with success by 
Ncuberg. In this method a sulphite, such as calcium sulphite, or 
dimedon (dimethyl cyclohexane-dionc), is used to fix the acetaldehyde as 
it is formed. The fixation product js not fermented by yeaxt and there- 
fore accumulates m the medium. Since acetaldehyde is a hy<Irogon 
acceptor, the romox'al of this substance from the fermentation medium 
causes other hydrogen acceptors to become active Use is made of thl.s 
fact in the production of glycerol by fermentation, nhcro the role of 
sulphites is verj' important. 

Although pyruvic aldehj'dc forms an addition product with sulphites, 
this product is fermentable. 

•1. Scirctu c Poisons —Certain reactions in the normal di.ain of enzyme 
reactions do not take place m tlie presence of wilwlive poisons, such as 

• I.» , A. \os , Compl Tfitd , 103; 49, IIS'! (SUtt) 

*ST»riir.N‘^v, M., MrtalioJnm," 2\1 rtl , I^nKm3n>t, flrixn A f*>;n- 

pnny, Xp« York, 193') 
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TaHI-E 33 — So^tE iMPOnTANT Intbrmkdiatk ANn Kni> I’RQDUCTS of XltB KWYt, 
Ai>roiiOB Fkrmkn'tatiox 
I, InlertnediaU Products 



CH,OH 

i=o 

in.offo.H.) 


iH.O(PO,Hi) ilI.O<PO,Hi) (!!H,0(P0.n,) in.OH 


COOH 

ioCPO.Ht) 


c 

300H 

cooir 

cir» 


1 

':=0 or 

([■OH 

i=o 

CHO 

i 

1 

ijHi 

An, 

iiio 

CH, 

pyruvic aeij 

I’yruvic orid 
(ciiul lorm) 

Methylxb 

Arctaldrbydr 


II Etui Protlucts 
A. Derived from Sugar 
CHtOH 


B. Not Derived from Sugar 

CHiCOOH 

^HjCOOH 


CH,COOH 

{jiicciolc scid 


CHCH* CH,OH 


Isoamyl alcohol 
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Tn case the reaction is alkaline, a compound, believed to be unstable 
and of the formula CjHgOj, acts as a hydrogen acceptor together with 
acetaldehyde. The unstable CsH#Oj compound is reduced to glycerol, 
while acetaldehyde is oxidized in part to acetic acid and reduced in part 
to ethanol. (A. Cannizzaro reaction.) 



(N(ub<r('« “thtni form*’ «( ffnegMstiim) 


One method of producing glycerol is by the bulplute fixulion procc-'S. 
AcetiiUlcliyde may be fixed by sulphite before it has become rcductsl or 
oxidized The aldehyde thus fixed may be recovered from the fermenta- 
tion medium and estimated. It is evident that any acetaldehyde that 
has become fixe<l is no longer available as a hydrogen acceptor. AcetaUlc- 
In’dc may, then, Ik replarctl in p.art by C’lHfOi at a hydrogen ncreplor. 
CjlUOj is rcilucetl to glycerol in proportion to the amount of acetaldchyile 
fixtsl (1 molecule of glycerol for each molecule of acetaldehyde fixed). 

SViiiitr. in 


fC.lI.O, 

lc.11.0, 


C.II.O, +11, — (Ml^, I 

-IIK)— CII.COCllO + tjO, — Cl!, cocoon 
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The normal fermentation, according to Neuberg, proceeds chiefly as 
shown in the first scheme, but some glycerol and acetic acid occur and 
hence the second scheme is realized in part. 

Kluyi’Eb’s Schb-me roR tme Alcoholic Fermevtatiom or Glucose” 

I. Intltal Phosphorylation 


— CHOH 

j 

CHO 

1 

[— ( 

:hoh 

CHOH 

CHOH 

1 

( 

!;hoh 

0 Ahoh +hk,po. 

1 i 

-» CHOH +H:0 ( 

) ( 

1 

*JHOH 

1 

CHOH 

Ahoh ’ I 

( 

!::hoh 

LAh 

Ahoh I 


1 

Ah,oh 

Ah.o.po.b, 

1 

?HiO-PO,Ri 

d'Gluenae 

Active heyooemono- 

pbo«pha(e 


Itobuon'a 


IL Oxidoreductton of Hexosemonophosphaie 


CHO 

ifiOH 

inoH 

inoH 

Ahoh 

AhiOPOiR. 

Aotirc h«xo*einon< 
pbo»phat« 


CHO 


Ahoh 
Ah, OH 

OlyMrAlctebydo 


CHO 

Ahoh 
Ah,o po,b, 

Glyceraldebyda 

monophovpbits 


HI Hydrtiysts of Tnosephosphate 

CHO CHO 

Ahoh +h,oAhoh +hb,po, 
Ah,o po,b, 6h,oh 

Glyceraldehvde mono- Otyeeral<l«byde 

phoepbate 


CHO 

Ahoh + 
An,o po,r. 


Condenaation Reaction 

CH,OPO»R» 

CHO 


moil 

!Hrf)PO,R* 


Ahoh 
.Ahoh 
A=o 


> KLtrrm. A. J., Die baktcnellen Zuefcemrc&niogeo, 


ill 

AhiOPO.!!. 

Ilp»osediphospb»le ol 
Horrfen »nd Young 
Brgth Ewvm/or»eb, i! 230-273 



rnc MECHANISM OF ETHYL ALCOHOL FERMENTATION 153 


Kluv^tr's Scheme for the Alcoholic Febmextatiox oi Glvcose.*- 
I\’. Final Oxtdorcduelions 


■{Continued) 


CHjOH 


CHOH +HiO UMUti — «i«j I — o-ii I — uuii L-— I 


illOH -H»o i-ii 


B. CH, 

i=o 


OH 

ilydr»tnl 


CH, 

^<!’=0 +CH, 


OH 

OH 

/ 


I OH I (Acceptor, I I 

^1^^^ CHO COOH CH,0 


CH, 

i=o 

OH 
^-OH 
\ 

Hydrated metbyt- 


c. At,**' 

i=o - 


-CH, +CO, 

ioon iiio 

ryniTic Acetatde* Carbon 
acid hyde diotide 

>RLVTTfii.A J.. Diabaktenelleo ZuckerTertUunc*n, Reprb. 290-273(103^. 


MeiliylglyoNal has been isolatotl from the fermentation of he\o«c- 
diphosphate by yeast extracts m water an«l toluol. Jt hax likcwi.'^ been 
Isolated ns a "scmicarbazide” in tlic fermentation of sucrose by yeasts. 
It ts not fermentable but may he regarded os the stable isomer of a 
fermentable form.* 

An oetivc hcxo«cmonopliosphatc is first formed by the combination 
of gUieo'-e with a phosphate. Two 3-earbon compounds, glyreraldehyde 
and glyceraldehyde monophosphate, arc the main end products formetl 
througli the splitting of the active hexoscmonopho«phatc, but Kobison’s 
ester may be pnxlueeil from this compound a.s a side protlucl. 

(ilyeeraldchyde monophosphate is hydrolyzwl principally to glycer- 
aldehytle and pho'-phate, while 2 molerulcs m.ay condense by a side 
reaction to form the hcxosxlipho'phatc of llartlen and Voung Tlie 
pbo'phate li!>erate<l in tlic h\droly>is of glyceraldehyde monoplio-phate 
IS available to rvact witli more glucose to form mon* active hexovemono- 
phosphnti* 

(tlyeeralilrbyile ls convcrtcxl to hydratetl methylglyotal through a 
senes of hyilrogen transfer renelion** Methylglyotal hydrate donates 

' Sti rii» ssos. Ine nl 
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liydrogen to a hydrogen acceptor and is changed to pyruvic acid. Acet- 
aldehyde acts as the hydrogen acceptor after it is once formed, being 
reduced to ethanol, wlnle pyruvic acid is being produced. Tyruvic acid 
is decarboxylatcd to acetaldehyde and carbon dioxide. The acetalde- 
liydc reacts with more melhylglyoxal hydrate and the production of 
pyruvic acid, ethanol, acetahlehyde, and carbon dioxide continues. 

KUiyver* believes that Uie catalytic agents responsible for the 


Stahonary phasr of Injr^^tary phase of fermenfa4,cn 

glycerol + njPOj 

2eth^l oleohot + 2 J-phasfAogVf'Cocy -J | *H^o\ 

f +2//^ 

' I (cOTVmasx) 


2 eqrber< dtotide 2 oeeWdehytle 


Reacfiohs-- 
'‘e^'n here 


fcoiymase ) 

Uo,-j 


'*M«*ose + adenos(rw»r.pho$oho»e— hexMtd,ph«phafeii=i:i 2 tr.o$ephospSofe 


2 pyruvic 0 ^ + adenasinefriphotphafe 


(idenyfic ocid 


j* oc-glycerolphosphofe 
ij dihydroxyacetenephosphate 


ill 


' ^'glyceraldehydephosphafe 


ft ^ 

odeftylic oed 2 3-phesphogIycericoeid 

■ * 

1,2 phosphopy ruvic ocid 2 2-pho$pheglyeerte ocid 
Pio 32 — Scheme for fermentation 


important changes m his scheme for the fermentation of glucose are an 
oxidoreductaso and a phosphatase. 

Scheme Based on the Researches of Meyerhof and Others.— In 
Fig. 32 a scheme for the intermediate re.actions occurring in the ethyl 
alcohol fermentation is shown. 

The first step, in the senes of reactions, is a phosphorylation of the 
sugar (glucose, fructose, or mannose) in which n phosphoiylating cocn- 
zyme, known as the adenylic system, and obtainable in a yeast dialyzate, 
function.2 This system, or coenzyme, consists of adenylic acid (adeno- 
sinemonophosphate), adenosinediphosphate and adenosinetriphosphate. 
The first two of these compounds have the ability to pick up phosphate, 
while the third, adenosinetriphosphate, donates phosphate. The for- 
mulas for two important members of the adenylic system follow: 

‘ Por a further discussion of this subject, the reader is referred to A. J. Ivlujwer. 
“The Chemical Activity of Microorganisnia,” University of Ixindon Press, Ltd., 1931. 

* Meyerhof, 0 , Nature, 141; 855 (1938) 
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N=C-NII, 

ll-i i— K 

I jj ^cii on on ^ 

S_C— N^cil— tn— tll— cil— CH ~ '• 


OH 

I 

o— r— on 


Ad«n}b« amt. or Ailrno*inemoai>fitioc)<hste , 

N=C-NH, 

ni i— N 

1 I ^cn on on on on on 

N— Ln^ii— in— in— cn— on.— o— Lo— J"— o— L on 

I o I h 4 4 

Adrnormrtnphorphato 


The hcxo'C uccepta pliosphatc from fttJcnu'inctripho'^pIiatc, flio 
hexoaemonophosphate appearing first,* then tlic hcvo^^cdiphosphatc upon 
further pliosphorj'lation. Once the fermentation lias reached tlic pyruvic 
ncid stage, the phosphate given off by phosphopyruvic acid becomes 
nvuilable for phospliorj'Iating additional hexo«c. 

Fructose diphosphate, or diphosphoric acid (the common diphos- 
phate obtained from glaco«c, fnicto'c, or roanno«o), splits to fotm 2 
molecules of trio«ephosphatc with which it is in equilibrium: 

Cn,O(P0iH,) 

r ill cihoii cno 

illOH ;=:io + inoil 

L iiioH iii,0(P0,ii,) in,o{ro,no 

COH 

iiiiOn’O.iir) 

rruftoo- dipliwphst* l>il»>ilroi|rarrlon* 3-<il} rrr*! 1rhrd> 


^{-(ilycrndih'hydc is in equilibrium xMth dihydriAynirtutip and is 
eonxerted largely to the latter, Mccortling to Meyerliof ' 

Clio cii,on 

iiiOH 

i»,oiro,ii,) Cii,oiiH).ii,) 

a-Ail> Oihritrov, «rr(Ana 

p^o>|•bal« I b<-| iMl# 


' IM 
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During the initial stages of fermentation (the induction period), 
before any acetaldehyde is produced, 2 molecules of triosephosphate 
dismutato to form 1 molecule of 3-phosphoglyceric acid and 1 molecule 
of a-glycerophosphate, this being an oxidation-reduction reaction in 
which cozymase (coenzyme I) is active: 

CH,OH CHO CHiOH COOH 

io -f-inoH +HtO*iiion +^11011 

iH,0(P0,H,) iniOfPO.HO intOtPOiH,) in*o(PO,H,) 

Dihydroty. S-Clyeeraldr- a-GIyrer> Z'^hcMph^- 

•eetone byde pbMpb«t« pboapbate (lycene 

pbotpbate tcid 


a-Glycerophosphate is hydrolyzed to glycerol and phosphoric acid: 
CHtOH CHiOH 

Ahoh +n,o(!;non +h,po, 

iH,o(PO,H,) ’iniOH 

»GIyeer^ Olye«rol Pbotpborio 

pboepb«t« kad 

The preceding reaction accounts for the small amount of glycerol 
that is produced in the normal ethyl alcohol fermentation. 

3-Phosphoglyceric acid proceeds, through a scries of reversible enzyme 
reactions, to break down through 2-phosphoglyccric acid to phospho- 
pyruvic acid: 


COOH COOH COOH 

inoH = (!^ho(po,h,) == (!:o(po,h,) + h.o 

(!;h, 0 (P 0 iH,) CH.OH ?;h. 

3-Pboaphog]ycfri« J-Phosphoslyceno PbospbopyTU- 
•cia kcid VIC acid 

The addition of sodium fluoride to a yeast extract containing either 
3-phosphoglyceric acid or 2-phosphoglyceric acid prevents the formation 
of phosphopyruvic acid, for the enzyme (cnolase) is poisoned. 

PhosphopjTUvic acid w dephosphorylated by adenylic acid to orm 
pyruvic acid, the adenylic acid taking up phosphate to become aacno- 
sinetriphospbate. 


COOH 

2(^0(P0,Ht) -f Adenylic add 

Sh. 

Phosphojyruvic 


.JOH + 

Jii. 

jHtvvic acid 
(«noI form) 

&X>H 

2io 

ill. 

P y r u vic acid 

(Adenyfae ayatem raactios) 


Adenosmetriphosphatc 
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Adenosinetriphosphate donates phosphate to 2 molecules of hexose 
to form 2 molecules of hexosemonophosphate and 1 molecule of adenylic 
acid, the net result being expressed by the following reaction; 

Phosphopyruvic acid + Ilexose — ♦ I^TUvic acid +■ Ilexoscmonophospliatc 

Additional phosphopyruvic add is broken down in the same manner 
with the result that the hexosemonophosphate is further phosphorj'Iated: 
Phosphopyruvic acid + Ilcxoscmonophosphatc — ♦ I*j'niric acid + Ilcxoscdiphosphafr 

In this manner, hexosediphosphate arises during the stationary 
phase of fermentation. 

Pyruvic acid is broken down to acetaldehyde and carbon dioxide by 
the enzyme carboxj’lase’ 

COOH 

i C*tl>oii}l«*« 

o . Clio + CO, 

ill, in. 

IVnivie (cid C«rl>oD 

brd* dioaide 


Wien present in sufilcicnt quantity, acetadchyde reacts with reduced 
cozymaso {coenzyme I) with tlic result that acetaldehyde is reduced to 
ethyl alcohol while cozjTnaso is oxidized. Tlie oxidized co 2 }'masie now 
reacts with the trio«cphosphate (glycoraldchyde phosphate), oxidizing it 
to 3-phosphogIyccric acid, while coz>'mnsc becomes reduced again It is 
thus seen that cozymaso acts in the capacity of a hydrogen carrier in 
this oMdntion-roduction This reaction oerur« normally during the 
stationary phase of fermentation 


cno 
Anoii 


coon 
+ cno — ^lon 


+ cn/)n 

^II, 0 (P 0 ,H,) I'lI, 

9.n,o.ph4w >thW 

*>>r*n«»<i>l alruhot 


in. 


Tlie pho'phogl\cenr acid thus foniioil ih broken down through the 
M*ries of reactions outhne<l above to proilucc more ncetaldehj de, which 
react.s with more trio«epho«phatc to proihire more phosphoglyccric nci<l. 
'Hic cycle continues in this manner to the end of the fcimentation. 

Types of Reactions. — Meyerhof* rccognizc.s four main tyfies of reac- 
tions in the foregoing scheme for the intrrme<hatc reactions of tlie ethyl 
alcohol fermentation. Tlie-o Include the phovphoiylation-<leplio-phoryl- 
atton rea^tio^^ the oxulation-rfslurtion reaction^, the revervilde reac- 
tions, and the tlecarboxyl.ation reaction. 

'Hie ndcnyhc .system, the mechanism of which has nlre.arly l>een 
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explained, is concerned in the phosphorylation-dephosphorylation 
reactions. 

Oxidoreductases and cozymasc (coenzyme I) arc responsible for the 
conversion of the triose phosplmtcs to a-glyccrophosphoric acid and 
3-phosphogIyceric acid during the induction period and for the o.ridation 
of triosephosphate (glyceraldeliyde phosphate) with the simultaneous 
reduction of acetaldehyde during the stationary period of fermentation. 

Nicotinic acid amide* is the hydrogen-carrying group of cozymase. 
The function of cozymase In transporting hydrogen may be illustrated 
by t)ie foljoivjng equation in ^l^bich R represents the ribose phospltoric 
acid group of cozymase (see structural formula on p. 41) and llj repre- 
sents the adenosinemonophosphate group; 


HC 


CH 

1^ ^CONH, 

CH 

+ H,=!nc^ '^COKH. 

1 in 

HI? in. 

V 

V 

1 ?' 

1 0-H* 

K-li’=0 

n— p=o 

111 

111 

CoiymMe 

Tt»duc»d rotymaM 
(DibydroeaxyrsMe) 


The principal reversible reactions include the reaction between 
hc.xoaediphosphate and 2 molecules of triosephosphate; the reaction 
between dihydroxyacetonc phosphate and glyceraldchyde phosphate; 
and the reactions between 3-phosplioglyceric acid, 2-pho3phoglyceric 
acid, and phosphopyruvic acid. 

A summary of the reversible reactions appears in the following scheme 
of Meyerhof.* The relation of each intermediate or end product to its 
irnmediate predecessor is indicated. 

Glucose (Fructose, etc ) 

1 + ih,po 4 » V ^ j 

Glucose'd-phospiioric acid ri Fructose-o-^no^h^c acid 

Fructose (-1-6-) phosphoric acid 

n 


Dihydroxyacetone phosphate 
ot-Glycerolphosphoric acid 
Glycerol + H.PO, 


3-GlyceraIdehyd^phosphate 

3-Pho3phoglyceric acid 
2-Phosphoglycenc acid 
Phosphopyruvic acid + HjO 
lyruvic acid + II»POi 
Acetaldehyde + CO* 

Ethyl ftfcohol 


> /Wd 
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Some Enzymes Active during Fermentation. — Several enzjTnes 
catalyze the intermediate reactions of the ethyl alcohol fermentation. 
Hcx'okinase converts fermentable hexoses to more active forms. ZjTno- 
hexASC catalyzes the breakdon-n of hexoseriiphosphate to triosephos- 
phates. Oxidoreductase (mutase, dehydrase) with cozj-masc plays a 
very' important role in the oxidation-reduction reactions. The conver- 
sion of phosphopyruvie acid to pyruvic and phosphoric acids is catalyzed 
by enolase, while carboxylase breaks down pyruvic acid to form acetalde- 
hyde and carbon dioxide 

In Table 34 (Cori, 1942) arc shown reactions catalyzed by 12 separate 
enzynnes and dialyzabJc components rc<|ujrcd for the action of some of 
these enzymes. 


Table 34 — .\uohouc rimuEVTvTiox' 

Untaei ytmt e<U- giueone •» 2C'Oi + 2 aJcohol, <ell-frfr juiee" 2 Elnro<o + 2Kn«r() 
• 2f'Oj 4- SflJrohol + I h<*to?^»p)io«phnlPl 


Noti'dmlyiabk fntvrftin and reaetjons cMntyiwl 


l^jalyr.ibjc componrat^ 


! Ohicosc + ATI* — gluco‘oG-1’ + ADI** 

3 r»lijpo«c-(Wrs3fnicto^e-0-r 

3 I''rtjctosc*(3r + ATP — • 

+ ADP* 

4 Frufto^o-<ljP 5S! dih> drotyaw^ton^-P + glyccr- 
aWehyde-P 

6 Dihydroxva«ton«^P ssgf^ccraWchidt^P 
0. 3-KlyrprnHch) dtvP + KJIjPO* + Pjr ss 1-3- 
g5yc«*nr flcid-P + IIiISt * 


7 l-^J-Rlvrmr nnil-P 4- vMH* J^jUj-rrirnc-Hl-l* 
4- ATP* 

8 3-Rhcrric aml-P r- 2-Rlvrrnr 

a 2'Clvcc'nr acicl-P :=: p\ nivic «cn!-P 4- Ilitl** 

10 IVniMr and-P 4- ADP -»p»ni»ic aoi«l 4- 
ATP* 

U Pvnivjr ftpjd 4- ni*!' — • 8fr1»MibMl»* + <X)i , 
12. ArrirtldrlM (If* + IljPvr r^alwhol 4- I*\t* 


*M/r4- 4" lonxnptxlcd for reaction 
ATP • .tdcnosmctnphophatc 
ADP - Adcnos>nn{ipho«phato 


P?T. • r>Ti(lir)f-niir?cotidc 
JI»P)-r. « ItcffiirtHt pjTidtnc- 

nuclrolidc 

KtliPOt * Inorganic p?io?pliato 


I>1T I>iplio«p?iotJii.'«min 


Nor* 0»in( to •I'liiUat c( !/>• nicar in (•« Aalm in r»a/-finn 4. rrai-(inn* fl tn 13 

•lirMili l-i- I’r t»<* M KaUr.-a •l.orr for laurt >rui 

• Cow r r /w i/i la- w»f a-* M»r:s sr, mii 

• nairmr* oliUifiM Id roxuCiM Iwm. 


Basis for Theory, — Sp.nrc {xcrmits onl.v a relatively lincf di«rtK«ion of 
the fnrti upon Mhirli the forrfroinK theoiy !•« b.'i.'*ei}. Many of tlie 
imporlnnt ili«rovene« were made durinc mvr'tipation** of the inter* 
meihatc reactions eonreniod in the formation of l.srtic and in mu«ele 
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extract and were subsequently established for the ethyl alcohol 
fermentation. 

Parnas, Lutwak-Mann, and Mann have demonstrated the impor- 
tance of adenylic acid and adenosinctriphosphotc as dephosphorjdating 
and phospiiorylating agents, respectively. 

Hcxosediphosplmtc has been isolated repeatedly and is readily fer- 
mented by yeast and muscle extracts. 

Hexosediphosphatc enters into equilibrium with the 2 molecules of 
triosephosphate (Meyerhof and Lohmann, 1934); dihydroxyacefone 
phosphate, synthesized by Kicssling, and 3-gIyceraldehyde phosphate, 
synthesized by H. 0. h Fischer (1932). Tliesc two triosephosphates 
have been isolated from muscle extract and subsequently from yeast 
extract fermentations of glucose or of hcxosediphosplmtc with the aid of 
monoiodoacetic acid. They arc readily fermented by yeast extract and 
together form an equilibrium in whicli dihydroxyacetone phosphate pre- 
dominates. ^\^letl^er one starts with a mixture of synthetic or natural 
triosephosphates or u-itb he.Yosedipliosphato a reversible reaction quickly 
occurs between hexosediphosphate and the triosephosphates in the 
presence of yeast extract. 

Important information concerning the 3*carbon intermediates has 
been obtained by the use of sodium fluoride and monoiodoacetic acid. 
Embdcn (1933), using a muscle extract poisoned with sodium fluoride, 
showed that phosphoglyceric acid was an intermediate compound. He 
showed that in the absence of fluoride, phosphoglyceric acid was con- 
verted to pyruvic and phosphoric acid through enzymic action. Nilsson 
isolated phosphoglyceric acid from a fermentation by yeast extract. 

Meyerhof and Kicssling showed that there were two phosphoglyceric 
acids: 3-phosphoglyceric acid and 2-phosphogIyceric acid. These acids 
have been isolated from muscle extract and synthesized by Kiessling. 
They differ in structure, solubilities, and optical rotations. 

Phosphopyruvic acid was isolated by K. Lohmann as a crj’Stalline 
salt. It has been synthesized by Kicssling. 

Pyruvic acid has been isolated as an intermediate and is readily fer- 
mented by living yeasts or yeast extracts. It is converted to acetalde- 
hyde and carbon dioxide by the enzyme carbo.xylase, discovered by 
Neiiberg. 

Acetaldehyde has been demonstrated by fixation with sulphites 
and dimedon. 

The Origin of Amyl and Isoatnyl Alcohols. — Ehrlich* has shown that 
amyl and isoamyl alcohols are derived from the amino acids, namely, 

‘ Harden, A , “Alcoholic Fermentation," 4th ed , Longmans, Green ife Company, 
Xen- York, 1932. 
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isoleucinc and leucine, respectively. These acids are obtained from the 
medium usually, but in cases of nitrogen deficiency may originate from 
yeast protein. 


CH riKNii.) rooii + H,o - 


CH» rii* 


ni CH,rn(NH,i roon + nrf> - 


CIl, 

\ 

• CH ClljOir 4- CO, + NH, 

cn, 

<f-ARi3l a}r«hn) 

<'H, 

\ 

CH CHtCHtOH + CO, + NH, 

/ 

cn, 

l*oam>) atcohol 


Tlie formation of these alcohols from their corresponding amino acids 
may be dcmon.strated by inoculating sterile containing a fer- 

roontaiilo sugar and a measured quantity of one or both of the nciils, 
with a pure culture of yeast and analyzing the mashes after the fermen- 
tation for the ammo acids and alcohols. Control e^pcrjments should be 
carried out at the same time, of course, with mashes that do not contain 
added amino acid.s. 

Tiic ammonia set free in the foregoing reactions is utilizetl immctli- 
atcly by the yeast colls 

The relative proportions and likewise the quantities of the two 
alcohols formed depend on the comporition of the medium, t.e , on the 
relative amounts of the two amino acids, the presence or absence of 
ammonium salt.s, and the nature of the sugar; on the species of yeast; 
on the nutritive condition of the yeast; and on other factors. Certain 
ammonium salts cause a diminution in the normal yield of amyl alcohol*', 
ammonia being derived from the .salts rather than from the amino ariels 
I/*»cinc and i-oleueine are not converted to their eorre-ponding 
aleohoN by living yeast ccIU m the absence of a fermentable sugar, nor 
are they converto<l by yei»«l juh'c or by zjTnm (n prrxlurt prep.-invl by 
treating yeast with alcohol and ether, or by acetone uml etherj 

AlcoholvS are proflucetl from other nlplm-amino arnls in a similar 
manner by yeast.s Such products are lichevwl to ronlributc to the 
flavor of lioer. vvinc. mm, and other aleoholie l>rveniges For example, 
tyrt>'ol. the alcohol proiluc«l from tjTO-mc, po>*?cs?<‘s u bitter taste and 
c<inccnic<l m the flav or of l»eer 

Succinic Acid (HOOC’ClIs’CHfCOOH/. — Si/reinie add is iWiev'tsf 
to nrC'C from glutanne arid dimng fermenl.ition nirhrh di'cnvnrrtl 
(1900) after evjverimentatum nuh several nnmio aealx. nhirh meliidfsl 
axpnrtie arid C'OOH). that glutamic arid was 
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the only amino acid added to the fermentation medium that produced a 
well-defined increase in the quantity of succinic acid. 

The probable course of its formation from glutamic acid is as follows:* 

nOOC-CH,-CII, COOH {Cl uunuc acid) 

1 yiOi (Oxidstive deamination) 

Nil, + HOOC-CIIrCHrCO COOH (^-Ketoglatarie acid) 

i (Decarbox>1ation) 

HO (Succinic aemialdehyde) 
i y^Ot (Oxidation) 

nooc cUfCiu coon (Succimc add) 

In the absence of added nitrogen-containing substances, succinic acid 
may be produced from the glutamic acid derived from the autolysis of 
the protein of yeast. 

Succinic acid is not formed by yeast in the absence of sugar nor is 
it produced by yeast juice or zymin. 
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CHAPTER Yl 


BREWING 

HrcwinK, or the production of malt beverage'!, is the name piven to 
the combined processes of preparing lioverages from infusions of prams 
that have undergone sprouting (maltmg). and the fermenting of the 
sugary solution by yeast, whereby a portion of the carbohydrate is 
changed to alcohol and carbon dioxide. It is an ancient industry aiul 
was probably invented by the Egj'plians 

The term “malt beverage,” according to the Federal Alcohol Admin- 
istration Act* of May, 1937, 

. . . means a heverape made by the alcoholic fermentation of an infiivton or 
decoction, or combination of both, in potable brewing water, of multwl barley 
with hops, or thcir part«, or their products, an<l with or without other inaltetl 
cereals, and with or witliout the addition of unmaltcl or prcparwl eercaU, other 
carbohydrates or prodvicts prepared llicrcfrom, wiul w ith tir w itluuit the addition 
of carbon dioxide, ami witli or wiUioiit other whole«oinc proilucts suitable for 
human food consumption 

Beer, ale, porter, and stout are examples of malt beverages. 

Composition of Beers. — The Mibstancos found in a beer imU depend 
largely upon the nature an<i quality of the raw matoriaK, the treatment 
of the hprouteil grain or malt uvcil in ma'^hinp. anil the character of the 
ensuing fermentation, but storage and lim>hmg operatu)n^ will hhewi'^* 
affect the final compo'sition. 

In a normal beer one may expect to find carbohydrates — '•mdi si.s 
dextrin, mallo-e, and glucose — and protein dcrivatixc'' Mudi ii'' peptone-, 
amino acids, and amides, tbe-e prislncts an-mp mainly as the n^-ult of 
the action of the onrymes of the mult. Hops loiitrihute buicr -uIh 
stanccs, rc-ins, c-*<*ntial oil, and tannic acid, but a portion of -ome of 
tlie-c vubstanccs is lo-t during the Mitv-etpient t>Ti‘\sing o^wTutmus .\s a 
rc-uU of the alcoholic fermentation, the Mipars of the w ort arc coin ertcil, 
in part at lca.st, to ethanol and carbon dioxide, with much -mailer 
quantities of glycerol and arctic and; while Mime of the aiiuiio acids an* 
tnm«formeil to higher alcohols and acids, for example, -ncciiuc and 
I-actic acid may lie adihsl to the wort or may anunmlale a- the n-ult of 

• r S IV pt of tlic Tmi>iirv. I iHlrtnl \I<s*1m»1 Vlnutii-lrsitii'ii, ml .\<!»iiiiii«- 
tmtiun Act m in cnrrl on Mny 15, 'iVSi 
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tlic action of lactic acid bacteria. Salts arc abvays found and usually 
traces of oil. The finished liccr contains 85 to 92 per cent of \Yater by 
volume. Tims a beer is not a simple bcvcraBC but one tlint i.s capable 
of wide variation in composition unless the conditions of brewing arc 
verj'" carefully rcfnilatod. 

Table 35 gives the analy.‘<^ of .several types of beer. 



• RrpnntM by p^rftiuwion. from "FooJ Irwp^tlw* »b<J 4tb eU. by l^tth anti mnlon. 

publiib^ by Joha n’iUy & Socu, lae.. New Y«r1u 


Extent of Manufacture.— Some idea of the magnitude of the industrj* 
may be gained iiy noting the following table, wbieli gives the malt 
l)cverago profJuction for the six leading stales in the Unilwl States for 
the Oovernment fiscal years 1930 and 1940. For each state, the number 
of breweries operated is also indicatcii. 

During the fiscal year 1940, Missouri, Xcw Jersey, and California, in 
the order named, followe<l the lend of the first fivcstafe.s listed in Table 30 
and produced more than Michigan. 


Taulk 36. — Malt-do rnAOK Piioih'ction, Fi-^cal Ye^«'* 1036 asd 1616' 


State 

l*ro<tiir(ion 

in barrels* 

Itrrw cries opemfetl 

1036 

lOtC 

1930 

1910 

New' York 

8,608.081 

13.4M.ai3 

70 

44 

Pennsylv.'inm 

6,010.171 

0,558,788 

112 


■Wisconsin 

5.736.531 

9,054,003 

91 


Illinois. 

3.578,180 

5,068,439 

61 


Ohio 

3.432,921 

5,017.205 

54 


Michigan 

3.249,355 

4.120.0S2 

52 


Total, “United St.ites 

51.812.062 

81,977,700 

732* 



Ii;s Treat Dept . Annuai Report Ofmmuiwner «/ Internal /lerenue. 1936 tndiW 


* Tbe glAndard beer barrel holds 31 fill 
' Number operste*! durme any i«rt of tbe year 
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American Brewing Practice. — Beer produced in the United States is 
distinctive for two principal reasons. First, the American public prefers 
a sparkling clear, light, and very pale beer — one that will remain brilliant 
^vhen very cold or warm. Second, owing to the differences in the com- 
position and properties of our malts and cereals, departure from European 
procedures has become necessary. 

The Brewing Process. — The essential steps in the manufacture of 
beer include the preparation of malt, mashing, boiling the ivort irith 
hops, fermentation, and finishing operations. Malt is prepared by soak- 
ing selected barley in water, permitting it to germinate and drying it 
under carefully regulated conditions. Malting is sometimes carried on 
as a separate industry, but it is so closely associated with the brewmg 
industiy' that it may bo regarded as an essential part of the whole breaing 
process. In mashing, ground malt is mixed with heated water and 
prepared malt adjuncts arc usually added. The enzymes liberated by 
tlie malt digest the starches, proteins, and some of the other substances 
present in the mash. The soluble products arc dissolved in the water of 
the mash and form the sweet wort. The mash is filtered, and the 
resultant clear wort is boiled with hops, strained, cooled, and pitched 
(inoculated) with selected yeast. A fermentation ensues, which is 
carried out at a low temperature. For lager beer the temperature 
is slightly lower than for ale Following this fermentation, the beer is 
stored to mature or age. During the finishing operations, the beer is 
carbonated, cooled, racked, and pasteurized. 

Although the principles employed in the production of beer and ale 
are essentially similar there are minor differences that are carefully regu* 
lated. A different treatment of malt is required both ns to the length of 
the germinating period and the kilning of the malt; a higher temperature 
of fermentation is used, and a different type of yeast. Beer yeasts are 
so-called “bottom” yeasts, since the fermentation proceeds vigorously 
in the depths of the tanks and there is a great deposition of cells, while 
ale IS fermented by “top” yeasts that produce great masses of cells m 
the foam that forms abundantly at the surface. Beer contains larger 
amounts of unfermented carbohydrates, especially dejctrins, while ale 
has a higher percentage of alcohol This is in part due to the 
complete conversion of the starch to fermentable sugar io the malt used. 

Malt. — The preparation of malt is described in Chap, HI. 

Malt Adjuncts. — In some countries, beer is prepared from malt, hops, 
and water only, but in the United States malt adjuncts are employee m 
addition, owing to the fact that the barleys used for the preparation o 
malt in this country are richer in protein than the barleys used in Euro- 
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pcan countries A liigh nitrogen content is usually undesirable for it 
tends to produce a satiating and relatively unstable beer 

Besides reducing the nitrogen content of the uort, malt adjuncts 
supply additional carbohydrate to be acted on by the excess of diastase 
present and to be fermented by the yeast, and they help to produce a 
beer that is less satiating, paler in color, and relatively more stable 
ftlalt adjuncts include certain grains and gram products (cooked or 
uncooked), sugar and sirups, and miscellaneous other carbohydrate 
products. In normal times in this country, corn and com products (com 
grits, com flakes, corn sugar), rice, sugar, and sirups arc uswl as the 
principal malt adjuncts. With a shortage in malt or the common malt 
adjuncts other materials may be used as is sliown in Tables 37 and 38. 


Table 37 . — Kivds and Quantities op M^terim-s U-»cn iv tjie Prorittios op 
Fermented Malt Liquoiw by Principal States di rino tup Fi«r»L Ve^r IW"' * 


&tst« 

Malt 


Riea Blieat 

Harley 




(iroil’jeta 




Ne» York 

.W 823. 51^ 

118 387 540 

14 8S0 30oj 290 890 

2 481 330 

10 013 233 

Penri!i«I\Bnia 

2M 300 08' 

03 434 111 

3 031 090 80 200 

4 097 177 

14,791 18.1 

IVvarofMin 

271 334.431 

too 403 311 

27 $09 800( 

eoi 078 

0 7X1 880 

Mvfioii n 

187 314 73( 

21 014 473 

01 042 351 

210 000 

s 147 ro» 

Ohio 

178 301.331 

38 700 892 

13 717 TO*) J5 8f>0 

1 474 421 

1 8(X) 121 

N** Jrtws 

180 0.13 |i( 

31.089 011 

380 520| 

on O'll 

1 821 'PNI 

Cftlifornia 

14') 418 371 

40 330 041 

4 170 430, 


S '*02 179 

Toul, Unitnl Staten 

3 311 788 633|7I9 .100 303 

172 199 731 76'* 700 

IJ 777 421 

kl "»1 67(> 



SO) lieana 

Piiear 

lln|i> _('aa>aiB an,I 

P , .or- * 


Slate 

and ao> lican 

and 

aiwl bnp ra.«aia 




jiroil uru 


ettracta i |««|i|rU 

tiroliirta | 


.Vew York 

737 518 

35 r>8 897 

0 474 319 19 574 317 

3 160 4A.1 

10 an 

PenantUanla 

150 813 

41 332 489 

4 318 031 3 4 49 9T> 

171 N*> 


wrotuin 

{>07 013 

13 y>9 790 

4 030 03l| 31 417 R.1.1 

311 V»l 


Minaniri 

78 112 

3 Sai 301 

3 617 782' t01 750 

IM 


Oliiu 

217 044 

IS >>4i 804 

2 700 4r* 2 7*11 821 

10t> 


.N'e» Jrrvt 

150 830 

10 390 IP'S 

2 741 000 i W. 007 



California 

efi'» 072 

3 O'.O 878 

2 317 918 3 11'* 421 

1 11 760 


Total. {'ni(r.l '•lalCK 

4 ns 

318 598 82S 

40 sat 917 10? 829 942 

0 0.11 *>77 

TO 7n 

• Vs Trenr 

Ana aal Krpmrl a 


«/ /a/rraaf 7frt»a ■« 2 

me lit l'M7 



• Q'lADtiti'a In |xi<in.ls 

A inixturp of 20 to 3.*) per cent of malt ndjuncl« and O."* in .W |nt < cut of 
nnilt is conunonlv u<c<l m the iiKinufarlUn* of l»rcrN iij llu'» counlry * 

' Pozrs, M hng TArm . 36: 1127 119311 
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American Brewing Practice. — Beer produced in the United States is 
distinctive for two principal reasons. Firet, the American public prefers 
a sparkling clear, light, and very pale beer — one that will remain brilliant 
when very' cold or warm. Second, omng to the differences m the com- 
position and properties of our malts and cereals, departure from European 
procedures has become necessarj'. 

The Brewing Process, — The essential steps in the manufacture of 
beer include the preparation of malt, mashing, boiling the wort with 
hops, fermentation, and finishing operations. Malt is prepared by soak- 
ing selected barley in water, permitting it to germinate and diynng it 
under carefully regulated conditions. Malting is sometimes carried on 
as a separate industry, but it is so closely associated \rith the brewing 
industry that it may be regarded as an essential part of the whole brewing 
process. In mashing, ground malt is mixed with heated water and 
prepared malt adjuncts are usually added. The enzymes liberated by 
the malt digest the starches, proteins, .and some of the other substances 
present in tlie mash. The soluble products are dissolved in the water of 
the mash and form the sw'ect w'ort. The mash is filtered, and the 
resultant clear w'ort is boiled with hops, strained, cooled, and pitched 
(inoculated) with selected yeast. A fermentation ensues, which is 
carried out at a low temperature For lager beer the temperature 
is slightly lower than for ale Following this fermentation, the beer is 
stored to mature or age. During the finishing operations, the beer is 
carbonated, cooled, racked, and pasteurized. 

Although the principles employed in the production of beer and ale 
are essentially similar there are minor differences that are carefully regu- 
lated. A different treatment of malt is required both as to the length of 
the germinating period and the kilning of the malt; a higher temperature 
of fermentation is used, and a different tjqie of yeast. Beer yeasts are 
so-callcd “bottom” yeasts, since the fermentation proceeds vigorously 
in the depths of the tanks and there is a great deposition of cells, while 
ale js fermented by “top” yeasts that produce great masses of cells in 
the foam that forms abundantly at the surface. Beer contains larger 
amounts of unfermented carbohydrates, especially dextrins, while ale 
has a higher percentage of alcohol. This is in part due to the more 
complete conversion of the starch to fermentable sugar in the malt use . 

Malt. — The preparation of malt is described in Chap. HI. 

Malt Adjuncts. — In some countries, beer is prepared from malt, hops, 
and water only, but in the United States malt adjuncts are employe m 
addition, ownng to the fact that the barle3^ used for the preparatmn o 
malt in this country are richer in protein than the barleys used in uro- 
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pean countries A high nitrogen content is usually undesirable for it 
tends to produce a satiating and relatively unstable beer. 

Besides reducing the nitrogen content of the wort, malt adjuncts 
supply additional carbohydrate to be acted on by the excess of diastase 
present and to be fermented by the yeast, and they help to produce a 
beer that is less satiating, paler in color, and relatively more stable. 

Malt adjuncts include certain grains and grain products (cooked or 
uncooked), sugar and simps, and miscellaneous other carbohydrate 
products. In normal times in this country', com and com products (corn 
grits, com flakes, corn sugar), rice, sugar, and simps arc used as the 
principal malt adjuncts. With a shortage in malt or the common malt 
adjuncts other materials may be used as is shown in Tables 37 and 3S. 


Table 37 — Kinos and Quantities or Mateiualr U«ed iv tub PnoDi’cniov of 
Fkiimentco Malt Liquors by Principal States mmiNo the Pi'cal Year * 


Suta ^ 

Malt 

Corn and 

pWlUfU 

Rifo 

WOiMt 

Harley 

SorRhuni 

■train 

1 

New York 

181 823,5.15 

118 587 510 

: 14 810 300 

1 

2'>0 8'>0 ; 

2.4C5 320 

10 012 225 

PeniwvtvamA 

201 300 080 

05 151 118 

1 3 031.09C 

RO 200 ' 

l.fiOT.STT 

111 71)1.183 


271 321 119 

too 101 3lii 

1 27 MO 800 


Ml 078 

1 0 7M.8RO 

MiivMiiri 

187 311 730 

21 011 471 

1 01 012 351 


250 900 

j 2 517 ?t)l) 


178 201 317 

58 79« 893i 

13 7l7 7W, 

IS 800 

1.171 421 

1 I 8(V).131 


ISO 013 no 

VI OS'* Ml 

580 iW 


015 O'H 

{ 5 821. 'fal 


1 U'l 118 177' 

40 320 eiii 

1 170 45ffi 1 


[ 8 902 I7't 

Total, IfniUsl Ntald 

2 Sl3 788 012 

|710 300 VJO 172 m 731| 

709 700 j 

13 777 121 

88 tril 070 



1 

SoyliCfinii 1 

1 1 

Si»»t 1 

1 1 

1 ll'*l*> ' 

('■Mata ami! 

ro.a.n^ 

1 

St All* 

and ao>l><!sii ' 

■mi ‘ 

1 •n-i h«|> 1 

rai«ia\a | 

and i«lnio 



proiliKU 

j »ir«il» 1 

1 ««irarta | 

|4mlu>-t* j 

i>rTaliJrU 



737 518 1 

35 29S 897 

e 171 sW 

19 S71 217^ 

3 160 ini’ 

10 .10(1 


110 812 

41 322 4S*» 

4 31S 02l' 

5 419 019 

371 HX1 



007 013 

, 12 \5l» 7*® 

4 030 0211 

21 417 8V1 

218 Orri, 



78 112 1 

1 3 301 201 

3 517 782 

161 750 

I'M, 



217 'Ml 1 

1 IS U4I M4 

2 TOO ir* 

2 791 R21 

1 I0I> 







HTNSnTH 










' eo'' 07.1 t 3 W.s S7A S 31T tUR 3 S'.l 121 IV17«» 

1 9V, US JI8 MS «« « iO« on 107 6.“. Kli' C R.M 027’ Jojll 


»US T'W JolwH) l‘M7 

• in r">niMl«. 

A niivturc of 20 to 3r) per rent of iniilt ndjunrls niid (*•.*> to SO |K>r cent of 
mall is commonly iiseil m the manufariurp of In'cn* m xUU countiy.' 

• PoM-s. M . /mt . 3C: 1127 (lOHl 
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In Table 37 aic shown the kinds nnd quantities of materials used in the 
production of fermented malt liquors. 

The quantities of materials used in the production of each barrel of 
fermented malt liquors are shown in Tabic 38. These are, of course, 
average figures based on nationwide production and are intended to 
convey only a broad picture of the malt-beverage industry. The mate- 
rials used vary from plant to plant. 


Tabi.e 38. — AvEnAOB Quan'TitiE'i op Mateiiials Used iv the PnoDocrio.v op a 
BA nutu OP Febmested Mact Liquors'-* 


SfiUrrial 

Pounds per 31-gal. 
barrel 

Percentage of total 
material 


1937 

1946 

1917 

1937 

1916 

1917 

Malt 

37 03 

' 

25 457 

iWWI 

71.20 

50.40 

04.069 

Conn and corn products 

7 20 

9 391 

8 180 

13 85 

20 C2 


nice 

3 92 

2 83i 

1.9C0 

7.55 

0.28 

4.430 



0 565 

InfM 


1 25 

0 0199 

B.arlcy 


I 878 

0.J57 


4. ID 

0 3549 

Sorghum gram 


I 642 

1 012 


4. OS 

2 292 

Soybeans and soytican products 


0 079 

0 0556 


0.18 

0 120 

Sugar and strups 

3 22 

2 604 

2 490 

G.IO 

6.90 

5 630 

Hops and bop extracts 

0 63 

0 442 

0 461 

1 21 

0 98 

1 912 

Cassava and cassa^-a products 



1 225 



2 770 

Potatoes and potato products 



0 0757 



0.171 

Other materials 


0 065 



0.15 

0 0018 

Total material per barrel 


45 130 

44 226 

[]K3 


100 00 

Total malt adjuncts’ 

14 34 

19 231 

15 105 

27 59 

42 62 

34 289 


‘ dalciilai«d from pre««o te<i in ihe annual reporia of theCommiwioner of Internal Revenue, 

U.S Trtai . June 30. 1937. June 30. 1940. and June 30. 1947. 

* Data are for fiscal j eara ending June 30 
■ Total materiaU leaa malt, liopa, and bop excracta 

Mashing. — Tlie purpose of mashing is to digest and to dissolve as 
much as possible of the valuable portions of the malt or malt adjunep. 

The sweet wort that results from thisenzyme process contains de.xtrins, 

maltose, other sugars, pentosans, protein degradation products, minerals, 
tannin, coloring matter, and other substances. 

Mashing Methods . — There ore two main methods for mashing: the 
infusion and decoction methods. IMany modifications of these methods 
are used in practice. 

THE INFUSION .METHOD. — There are two infusion processes: one of 
these is the upward method; the other, the downward raelhod. In the 
upward process, the malt is mixed (doughed in) "dth water at a tem- 
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perature of 38 to 50°C. This main mash is permitted to rest (protein 
rest period) for about 1 hr. at this temperature to favor the action of 
the proteolytic enz 3 rines. The temperature is then raised to C5 to TO'C. 
by the doughing in of the cooked starchy malt adjuncts, which arc at the 
boiling temperature. The mash is permitted to stand at this temperature 
for a few minutes for starch &acchari5cation The temperature is then 
brought to about 7S®C., or a little above, for the destruction of the 
enzymes. The mash is filtered at this temperature. 



Time in hours 


Tiq 31 — Time»tcmperature chart of l>re»hou»e oiMT»tiuT»3 [VuutUtu oj Dr H Sthvnrt, 

InA. Eng Qhtm . 47: 103t (1035).t 

In the downward infu'iion proecs**, the initial temperature of the ma'-Ii 
water may be about 77°^. The addctl malt aids m cooling the water to 
approximately 70°C. A temperuturc of 05 to 70°t'. is mninlninetl. as 
in the upward infusion proee-"«, to permit Ktceliarification Ihe final 
temperature of the ma*'h in lower than the initial temperature, nie 
downward infusion process is an English mcthwl. 

TtiK m.cocTiON Mi.THon. — In this method, the ma«h is mixe<l at a 
lower temperature, occasionally around 40°t’ , than i-* the c:w with 
infusion processes. The temperature of the ma^li i>< raiicd by ^{cps nntil 
a final temperature of about has licen obtained 

A portion of the initial mash, appro\iniatcly ont^-thinl, \* wulidrawn. 
heatfxl, and boiled for a short jierio*! of time and then relunied to the 
main mash. 'Hie hc.ate<l portion raises the temperature of this entire 
mash, ^^,c enzymes in the bwled portion have lieen destroyed, btil the 
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The wort and spargings arc placed in a brew kettle, usually made of 
copper, and the hops arc added in the proportion of 0.55 to 0.9 Ib. per 
standard beer barrel of 31 gal. 

Boiling the Mash. — Wort containing hops is boiled for several reasons: 
to concentrate it, to sterilize it, to inactivate the enzymes, to e.vtract 
soluble substances from the hops, to precipitate coagulated proteins and 
other substances, and to slightlj’ caramelize the sugar. The addition of 
the spargings to the main wort dilutes it, making concentration desir- 
able. The danger of the growth of undesirable microorganisms in the 
wort is lessened by sterilizing it and handling it under aseptic conditions. 
Inactivation of the enzymes aids in maintaining a wort of fairly constant 
composition for fermentation. 

The substances e.\tractcd from hops include bitter acids and resins, 
essential oil, and tannin. The bitter acids and rosins contribute to the 
palatefulncss, colloidal stability, and head retention of the beer. The 
bitter acids arc humulon or a-bitter acid (CnHjoOs), and lupiilon or 
/3-acid (CjflHjsO*), respectively. By oxidation and polymerization the 
acids may be converted to soft resins. Both tlie acids and their corre- 
sponding resins possess antiseptic properties and impart characteristic 
flavors to beer. Humulon, however, possesses the strongest bitter 
flavor and the greatest antiseptic action. A third resin, of little value 
to the brewing industry, is the hard gamma resin. 

A large proportion of the antiseptic action of hops is lost during the 
drying of the hops, their storage before use, boiling them with the wort, 
cooling, fermentation, and storage of the beer in barrels.* 

Some flavor is imparted to beer from the essential oil of hops Since 
the essential oil is volatile in steam, most of it is lost during the boUing 
of the wort, unless the hops are added toward the end of the boiling 
process. 

Tannins are extracted principally from the hops during boiling, but 
some are extracted from the malt. The tannins from barle}’ po.^ses3 an 
unpleasant taste. Hence their removal by reaction with the proteins 
of the wort, before the hops are added, is advantageous. 

Tannin aids in the precipitation of some of the nitrogenous substances 
of the wort. Some of the tannin complexes precipitate out during boiling, 
but others^ tend to become insoluble in the cold, giving rise to a c i 
haze, unless removed during subsequent cooling. 


> Walker, T. K., A Review of Ten Years' Research on the Antiseptic Constituents 


of Hops, Jmir. Imt. Breunrig, 38; 198 (1932). 

* Luers, H , and C. EtroEns, Acidrty and Protein Turbidities 
rend. trav. lab. Carlsberg, Sir. chtm. 22:329 (1938). 
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Tannins arc negatively charged. Tliey react readily witli po.sitivcly 
charged proteins, forming complexes that become less soluble as the tem- 
perature decreases Tannins react less readily with electrically neutral 
proteins, i.e., proteins that are unstable. 

Boiling converts some of the tannm of the hops into phlohaphene 
Protein phlobaphcnc forms also during tlie boiling of the wort, and, being 
insoluble in the hot wort, it precipitates out. Oxygen accelerates 
protein-phlobaphcnc formation • 

Agitation and circulation of the wort during boiling increases the 
amount of precipitation and hence the qunntit 3 ’ of sludge formed. Dur- 
ing cooling, agitation is also of much advantage in increasing the amount 
of precipitation. The greater the quantity of unstable compounds 
removed during boiling and cooling, the less likelihood there is of the 
formation of precipitates in tlie finished product. 

After the wort has been boilotl, it is filtered through a hop strainer to 
remove the hops and precipitated proteins. Tlie wort may, or may not, 
be pas-sed into a tank located above the cooler where settling may lie 
permitted for 0 5 to 1 hr. Some cooling takes pl.sce in tliis tank. The 
wort is then cooled by parsing it over or through coolers, preferably with 
considerable agitation. 

Dunng cooling, the wort hecorocs aerated and tlie rll" may mcrca<*e 
from 12 or 13 to 1(5 or 17 * Protcin-tannm compound,-* precipitate out 
ownng to their in>oluhil(ty at the lower temperature.-*. .V w'condarj' 
precipitation is induced wherein proteins and hop resins are nd-orliod on 
the surfaces of the protciii-tannin compounds 

The rate at which the wort is cooled twtwccn the temiienitures of 
00 and 21.I‘’C. has a direct Ijcaring on protein-tannin precipitation,* 
brighter worts being secured through quicker cooling rates 

Preventing contamination of the v»ort during cooling is os.-cntial 

Fermentation. Yeasts. — Stniins of iiaecharomycca crrmsiae arc rom- 
monli’ uscsl in the manufacture of l>ecr. Tlie selection of an nppropri.aic 
strain is a mo-'t important factor in dctcnninmg the rhanicter of the Iknt 

•Hopkins, R. H, PrcM-nlinn lWt*-r TInn <>irp for Iln-winR Tnmlil'-*. Font 
Itvluslrifi, 10; 7J (lOaS) 

* Hoi-KiNHand Kmi ^r, "!liorhrmi«trv .\pplMsl «o MnllinR nml lln wihr," I) Vmi 
N(**tmn(t Company, Inc , Np« 3i»rV. I9T7 

•Pippru G. 11 ., Ilwnl .Viltnnrrn m Iln-wing Tri-hnnlojy-, Fni>l llrtrttrch, 3 : 200 
(tWS). 

•Thu is A Irrm winch n-J'rPK»-ntj» Ihs "iM-frAtur li>KNrithm «( lli>- h> j>»Ui<-lir.->| 
h) iln'Rcn pr«^»tin- in npiilihruiin with ihotmiLilton-mhirlinn sv^lpin " Ix-ing rtinhci! 

M Ptrphpn«<in, “ lUrtrrisI .'Irtalxihsm,'* 2>1 tsl . l/•rlRfnsn«. l.irpfi A 
.SVw York, 1930 
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'Hiis typo of turbidity is likely (o appenr wlien tlie malt 110*1 been improjv 
crly dried in the kiln or wlicn a barley willi very high protein content is 
used. Warming the beer 0311*^5 the turbidity to dbappear. 

Oxidation turbidity or lw2c is due in part to protein-tannin com- 
pounds. The prc‘-enec of o.\ygen; the shaking of the l>eer during its 
transportation; the collisions of Ikcer bottles, whieh imparl supersonic 
and lugh-pitched sound vihnitions; and sunlight afTcct the formation of 
oxidation haze. Saturation of the l»ecr with carbon dioxide docs much to 
prevent this turbidity. 

Tannm-protein bazes api)ear also at low temperatures. In orrler to 
produce stable, chillproof Iioers, which will not l>ccomc hazy or turbid 
when cold, the use of a small amount of a proteolytic enzjTne preparation 
13 advantageous. Tlic cnzxTncs are uMially a<!do<l after tlic fermentation 
although they may be added earlier. The enz.mes in an acid medium, 
such ns is found in a beer, render the licer stable and chillproof. Cnxlit 
IS due to Wallcrstcm‘ for this discoveiy. 

Starch turbidities develop as a result of the improper cont’crsion of 
starch during ma.«hing. I*aek of proper dige>tion at this time may bo 
due to the use of a malt in which the diasta.'*c has l>een destroyed during 
tlic kilning. Sparging mth water at a temperature much higher than 
S0*C’. may also result in the production of turbidity. Amylases may Ik; 
addoti to the .‘•torage vat.s to remove starch turbidity. 

Tlic presence of resin oil containing pitch may, rarely, cause tur- 
Ijidity, as may calcium o\;»late. Proper filtration will prevent both 
types of turbidities. 

Yeast turbutity may bo due to lack of proper clarification during the 
secondary fermentation, which in turn is caused by an un.«atisfactor5’ 
wort. Tlie use of chip'^, or krausening (the addition of beer in an active 
state of ferraontalion) is usunlly effective in coireet/ng this 0 t>o of 
turbidity. Wild yeasts, especially of the Sacc/taromyces pastorianus HI 
species, produce turbiditj*. IJy excluding air ond keeping the concen- 
tration of fermentable sugars in the beer low, growth of yeasts is inliib- 
ited A Joiv rll, I2 or lielotv, wilf also inhibit the growth of yeasts 
according to Dc Cicrck.* Tnic use of pure cultures and proper sanitation 
of the plant should prevent the access and development of wild yeasts. 

vVmong the turbidities caused by bacteria, those produced by sarcinae 
are most common, especially in bottom fermentations. Bacterial tur- 
bidities are less common than turbidities caused by yeasts and frequent 3 
will contain 3'easts as well as bacteria. Aseptic technique, the use o 

‘ WALiJ:R.«TLr.v. L . U.S. Pafenia 995,820 and 995,824, 1911. 

* De Clebck, Jour. Inal Bmrtng, 40? 407 (1934). 
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pure cultures of yeasts, sanitation of the bre«eiy, and a high content of 
hop antiseptics should prevent bacterial turbidities. 

Faulty beer may he the result of the use of a low-grade raw material 
in the mash; the use of hops of poor quality, too much hops, or prolongc<l 
boiling of the hops; contact of the beer with iron, causing an inky taste; 
contact wth tin; an unsuitable brewing water; j’oung or green beer; or 
carbon diovidc deficiency; etc. 

Beer Infection. — The term “l>eer infection'’ or “beer diso.aso” is 
commonlj* used in describing the undesirable condition that occasionally 
exists in beers or ales as the result of the presence of microorganivms, 
chief among vhich arc the bacteria. Tlie microbial agents causing the 
symptoms may be designated as beer-infection microorganisms or beer- 
disease microorganisms. 

The infection bacteria de^cnlwx! in literature are incltidwl in five 
familie.s: the Pseudomonadoctac, Daallaceoe, Hocjcnaccar, Microeoccaceac, 
and Lactohacteriacrac. However, the bacteria of only tlircc of thc-sc 
families, Psrudomonadaccac, Bactcriaceac, and l^etohactcnoccae, are of 
particular gignificance to the brewing industiy*. Tlie actual number of 
genera involved is al«o small, asillu‘<trato<l by To-'ic,* who reviewed the 
Mibjcetofbcor-infeotion organisms m 1016 and who reported that iieer 
Infcction.s are caused by species of tlie following genera: .Ice/otae/rr, Lacto- 
hanllu/i, Streptococcus, Flat obactcrium, ami AchromohaeJer. 'riiero appears 
to be some doubt as to whetber bacteria of the genera Bacillus and 
}tUcroc(KCus cau.se infections of malt licvcrngcs. The mere fact that 
sporeformers exist in the raw materials used in brewing is no indioatioii 
that they arc producers of infection 

At this point it may be well toconMilersome of tlie conditions encoun- 
tenvl m the brewing openition that have ingeneni! pronounccsl efTwison 
hartena am! that, in fact, may determine w hether or not an orgain'm w ill 
Hir\ n e or <lei clop in (he l^cer. lliev* conditions are as follow s: 

1 'ni*' mn*litjirnts of tli** TJort an* u«inll\' fora)>»iit 2 S Iir 

2 llif fcrmcnl.ilmns an* camM out nt lun tomjw rstun^ 

.1 Til*' pit tallies of the »ort ami l>err an* low 

4 Hop nnliseptirs an* pn*** at in the wort ami l«r**r 

*1 Tlielpwr M Mnisllj pt«|eun»e«l 

r. \nnenilrie eonilitions ii«u»llr pnmiil dunne feno'-ntation ami in the |w. r 

7 I Ihti aleohol i« present in the ferxnrntstion ?ns«h am! in the l«>er 

It is entirely conceivable th.at nn umisually he.it-rr'i-lant f-poreformer, 
for example, “tnim of one of the ifperies of the genera Bnrilluit nr C/o«- 

'To-If.J /Offer* />.{rr.r. 20 n- PO IKI flpIS), 



J81 


IXD IhSTIUA L MlCnoniOlXX ! } ■ 


Iridium, miplit hur\'ivo the Iohr ]H.’n<xl of 2 to 2.5 hr. to which the 

wort is su!)jec(cd. 

However, Midi bacterin are romnmnJy ttriini-positivc and j-ensitive to 
liop antiseptic.^. A sur\'ivinK sporeforrnor in order to cnu.‘>e infection 
.^ollId Imve (o l)c tolerant of n relatively low pH, of nnucrohic condition.", 
and of the alcoliol normally fomxl in a beer or nfc, 'i’iin.s, there are ample 
reasons why sporoformers may not lie awicinted witli beer infections, 

Ihieteria of the ppccie.s of the Acctohnrtrr, Arhromohacter, Flavohack- 
rtum, iMctohacillnSy and Streptococcus are de.sfroyed within a relatively 
short time at temperat»re.s well below the lioilinj; point. Hence, if 
beveraKcs contain thc^o orpinism.s, they have generally become infected 
during one or more of the o|>erattons following the hoilinc of the wort. 

The spocle.s of the peniis AerfotHteter are ro<l*,sh.'ipe<l, thoiiKh involution 
furm.s may occur, (irnm-nepilive, catalase positive (with theeveeplion of 
A. peroxulnns), aeroliic, and grow usually in tlic range of 5 to 8 to 35 to 
•10®C. 7'heso bacteria produce acetic acid ncrohirally from ethyl alcohol 
and arc tolerant of acid and of hop antiseptics in the amounts commonly 
found in beers They may be responsible for the production of acidity or 
sourness in beers due to acetic acid. Two other species, A. capsulatim 
and A. nscosum, may produce roplncss in beer, while a third species, d. 
turbxdans, may give ri.«o to turbidity and sourness.’-* Tljclattcrorganism 
apparently has the ability to develop when only a verj' small amount of 
o.xygen is prc'cnt. 

The acetic acid bacteria, with the exception noted above, are depend- 
ent in their action upon the presence of oxygen. Con.-'oquently infections 
by ."pocic'i of the Acctobnctcr arc iimileil to tho'O ca^e-^ where the for- 
mcntctl «ort or beer i.s C-xpo-^ed to oxygen, for e.vnmple, in cook*' storcil 
for a prolonged peno<l, in empty beer barrel-^, and in the pitching yeast. 
Control IS e\erc'i.sed bv o.ve/iiding oxygen from the ferwontot} proiliict and 
in u.sing pure culturc.s of yea.sl.s, 

T\'o genera of tlie family I^ctobnctrriaccac, n.amely jMctobactUus and 
Slrcplocorcii'i, contain species which may be eausc.-^ of serious trouble. 
Hactcna of the genus lAiclohacillus are rod-.^iaped, Grnm-positive, 
catahise-nogntive. microaerophilic, and tolerant to acid. They may be 
tolerant to hop anti'>eptic.s or often adapt tlicmsclve.s to its presence. L- 
pastorianun,^ * .synonyms of which are Itaciltr drs litcrcs Touniics Pasteur 
and Saccharobanltus pasiortanus Van hacr, gives ri-'C to sournc.ss in bccis 

'CosniE. A V. C., J, To^ic, and T, K \\'M.Ki.n,Jour Inti Prnr, 47; 3S2 (J9«); 
48:82 (1912) 

»Co'-Bfr, A V C'.J. Tosir.nndT K H’Ai.Kin.yef^r /«f/. 49:88 

spiilMWiax, J L, Wallersletn Laba CommuM, 4 (.Vo 1I):4I (JtMl> 

* Tosic, lor cil 



RREiriXG 


185 


and a silky type of tvirbidity. It may produce lactic, acetic, and formic 
acids, alcohol, and carbon dioxide from fermentable sugars and grow in 
the range of 11 to 

According to Shimwcll,* LactobactUus pasiorianus is probably the 
most common defect-producing organism to lie found in top fermentation 
breweries. Although difficult to remove entirely from a breuery, once it 
has gained entrance, the problem may be attacked in several ways. The 
plant should be kept clean, the yeast used for pitching should bo pure, the 
residual fermentable extract should l>c kept at a minimum, the pH should 
be as low as possible consistent with the production of a quality product, 
tlio hop rate should be high at the time of racking, and finally the beer 
should be pasteurized, because L. pastonanus is dcstros’cd bj* cITectivc 
heat trc'ivtmcnt 

The streptococci causing trouble m beer are associatCKl with such 
defects ns “sarema sickness,” sourness, turbidity, and ropiness. Sarcina 
Mckness N a disease of boor charactenzoi! by a honey-likc odor. This 
particular o<lor is due to the pro<!uct>on of diacctyl liy the bacteria, wliiob 
combined with the normal odor of tlic liccr, produces the honcy-Iike 
aroma (Hefcr to the section concomc<l witli butter starters ) 

The species of bacteria concerned m the production of sjircina sickness, 
turbidity, sourness, and ropiness Streptococcus domnosns (Claussen) 
Shimwcll and Kirkpatrick. A synon>Tn of this orgam«m i.s Pcdtococais 
(Utmnosus Claus-en. Shimwcll* nKo lists as possible synonyms P. 
pemiciosuH Clausscn, P ecrevtstae llalcke, and P snrcinoffornws Heiclianl. 

SlrcplOf-occus damnoms is nonsporcforming, Gram-po-'itivc, catak-u-o- 
negatiNC, anaerobic, tolerant to acid but with an optimum pH of 5 0 tofi.O. 

Two viineties of Streptococcus dmnno’utx liave been dcMTibeil. Tlievo 
arc S dainuosus \fir nscosus aiul S. damnortis vnr pefUo«ficrH.» (Walters). 
The first of thcK* varieties was i~olate«l from Seoteli ale by ('Iau‘-».en an<l 
is cbariveterizctl by the pHsluet joii of >lime m latTs that are haturate<l w ith 
carbon dio\iclo In flat lieers, Kircina sicknc'^s is produced rather than 
>-11110'. 

Slrrptororcrit damuosus var 7)rMfo<tnfru,'« (originally name<l trtra- 
{irnus var was t>-oIat4Hl fnim Australian bis'r by Walters. 

'riie family ilartmnrror contains iwogenera wJurh nrr of con-Klpniblc 
iinportance to the brewing mu rotnnlivgiMs .Xehromotxictcr and FUuo- 
tHietrnum .t orinrra^/i»»t pnHhirr*s turbidity and ofT-o»lors in Iwers. 

/' prntrxn is an infertion of brewer*’ jea^t 

.\rhromo>»Ktrr omerotuum. n (Snim-negati\e, noii'pcirefonning anno- 
rol>e. is lolrRini of aniN and ho|>s Artually tt will grow at a pH of h**'* 
tlian I and is ncit inbibitisl li> the nrlmn of bop niUis<>pties in the eon- 

■ 1 1 1, «)• ril . j>j> tl ts 
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centrations used in breweries. It grows only in “primed” beers but 
rapidly when the temperature is elevated. Glucose and fructose but not 
maltose arc utilized. A silky turbidity and odors of hydrogen sulphide 
(slight) and of apples arc produced. Ethyl alcohol and carbon dio.ride 
are formed. The organism is destroyed by heat-treatment for 5 min or 
longer at OO^C. 

The infection of brewers’ yeast, caused by F. proleus, has been 
described by Shimwell,* and Shimw'cll and Grimes.* Shimwell isolated 
the organism from “pitching” yeast. It is a Gram-negative, nonspore- 
forming, facultative anaerobe, which produces ethyl alcohol and acid and 
gives rise to a parsnip-like odor and flavor in both hopped and unhopped 
wort. Its activities, however, are restricted to the primary' fermentation 
on account of its inability to grow at a pll of about 4.2. Since the pH of 
the w’ort may be 6.2 or more at the beginning of the fermentation, it may 
grow until the lowered pH inhibits further development. 

Table 40 summarizes some information concerning the defects of beer 
caused by bacteria. 

Pefinirions. 

Lager beer is literally stored beer. The term “lager” is derived from 
“lagem,” a German verb meaning “to store.” According to this 
definition, all beer would be lager beer. Lager beer is produced by bot- 
tom fermentation and is rather high in alcohol and extract with a rela- 
tively low proportion of hops. 

Bock beer is a heavy beer, dark in color and high in alcohol. It is 
brew’ed for consumption in the early spring 

Ale is produced by top fermentation, is pale in color, tart in taste, 
high in alcohol and contains more hops than does beer. 

Porter is a dark ale, high in extract and sweeter than the usual ale in 
taste. It is brewed from dark or black malt (malt roasted at a high 
temperature) to produce a W'ort of liigh extract. The flavor of hops is 
less distinct than that of normal ale. 

Stout IS a strong porter that is high in alcohol and extract. It is dark 
in color and possesses a sweet taste and strong flavor of malt. The hop 
flavor is more pronounced than tliat of porter. 

ircr'ss bier, a beer made mainly from wheat, is produced by top 
fermentation It is rather light, possesses a marked flavor of malt an 
liop, is tart, and contains a large quantity of natural fermentation gas. 

It is likely to be turbid in appearance. 

' EtL. J. L , Jour. Inal Brew , 42 : 1 19 (1936) 
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Cereal beverage h beer contiuninRless than 0.5 per cent alcohol. It 
?oraetime.-5 known as “near beer ” 

Brewery Thermometers. — The brewer frequently uses the Reaumur 
thermometer instead of the Fahrenheit or Celsius (centigrade) scales. A 
comparison of a few points on the three scales is given in the following 
table; 

Table -11. — A roMPAiu«ov or Pomk Points os the Uemmub, Cr.NTioa.\nE, and 
FA lIRLSHriT SCILF.S 


Reaumur 

1 Centigrade j 

j Fnlitenlicit 

-32 

1 -40 

-to 

-IG 


- 4 

0 

1 0 

32 

4 ' 

5 

41 

g 

10 1 

.50 

IG ' 

20 1 

08 

32 

40 1 

101 

48 

CO 1 

no 

G2 

65 

no 

50 

70 1 

15S 

go 

100 1 

212 


It will be noticed that the Uoaumiir «!egm‘ i« equivalent to 1.2.') eenti- 
grade ilegrecs 

Regulations. — UegulntionH eotioeming malt beverages jirc publishetl 
by the Federal Alcohol Administration of tin* U Trcsurj’ Depart- 
ineul. The habclmg and ndverti'ing of mall bp\prages, for example, arc 
eonsidcnsl in Ilegulations 7 of the ilcpartment 

Additional Information. — Further information enneeming brewing 
may Ik* obt!iine<l by refernng to the publications li^lcd at the end of the 
rhapter. ’llie texts of Hopkins and Krause, Hind, and Vogel, Srhwiiiger, 
!/'onhivrtU, niul .Merten will l»e foun«l to lie of i-pin-ial value “Hot lie 
llcer Quality," ii record of 10 years of research at the Wallerstem Ijilmra- 
lories, is also of particular interest 

Some Other Alcoholic Beverages.— .Meoholie l)c\cmges are consume«l 
m eveiy* coimtrx’ of the worlil lii ss»me countries the use of a p.irticul.ar 
lK*\enigc has Ifcen pis*‘<xl dtmn from nniiqiiity, for example, kvius-s in 
Hussia. pulque in Mexico, taette in Featidinavi i. nn«l sorgho in Man- 
churia. A brief description of a few nicoholir !H*%rr:ig«*s follows, 

/Croi* may Ite prrpansl by mixing niunl part" of barley ni.all, lye 
mall, ami rx'e llnnr. adding Imilitig water, Mirnng, iMTnutling Ibe m.a«h to 
htand for i*everid ln>urs. adding more iHiiling water and then inorulntmg 
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with yeast and permitting fermentation to take place. Peppermint is 
added to the fermented product for flavoring. This beverage is verj' 
common in Russia. Neighboring countries prepare similar drinks in 
which other starchy or saccharine materials may be used. 

Pulque IS prepared by allowing the sweet juice of agave (the centur}' 
plant is a common species) to undergo a spontaneous fermentation, vhich 
is usually complete in about 1 day. Yeasts produce alcohol from the 
sugars. Bacteria are present, which cause a rapid spoilage of the bever- 
age vmlesd it is consumed shortly after its manufacture. Pulque resembles 
cider and has a flavor somewhat similar to that of sour milk, ft is a verj’ 
common beverage in Mexico. 

Tactic is an alcoholic beverage prepared from milk. Yeasts cause 
the characteristic changes in flavor, 'fhe product has a pleasing acid 
taate 

Sorgho is an alcoholic drink made from Sorghum saccharatum. 

Sake IS the widely used alcoliolic beverage of the Japanese. It is a 
yellow nee u me containing 14 to 24 per cent of alcohol. There arc vari- 
ous methods by which it is manufactured. Usually a koji, known as 
aakc'koji or tane-kogi, is prepared. Steamed rice is inoculated with the 
spores of Aspergillus oryzae and incubated at about 20®C. until the rice 
is well covered with mycelium. Tlie kogi, or starter, is mixed with 
Steamed rice and some water and inoculated at a low temperature. 
Starch is converted to fermentabh sugars. The thick liquid resultant 
from this enzyme hydrolysis and m which spontaneous fermentation 
usually takes place is known as moto. Koji, moto, and more water arc 
usually mixed. An alcoliolic fermentation ensues in which se\’eral yeasts 
may be active Saccharojnyccs sake, S. tokyo, and S. yeddo are some of 
the yeasts characteristic of sake. 

Pomhc is an alcoholic beverage made by permitting millet seed to 
sprout and undergo a conversion of the starch to sugars and by allow mg 
a spontaneous fermentation of the saccharified starch m water. 

Bih is a ume made from the tubercles of Osbeckia grandifiora. It is a 
West African drink. 

Ginger beer is cliaractorizcd bj' its distinctly acid nature, the 
flavor, and the presence of a small amount of alcohol Carbon dio.xi e 
is evolved in considerable quantity. The raiv materials are sugar (m 
10 to 20 per cent concentrations) and pieces of ginger root. “Ginger-beer 
plant ” is added to a solution of the sugar. In the ginger-beer plant are a 
yeast, Saccharomyces pynformis, and a bacterium, Bacterium vermijOTm 
The yeast cells are entangled in the gelatinous sheaths of the bae en^^ 

A symbiotic relationship apparently exists, for both the yeas an 
bacterium function best when in each other’s presence. 
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Some American Brewing Periodicals 

American Dreiccr (monthlj), A Schwara Sons, Xe« Vork, 1867- 
.tmmcan Dretctrs’ Renew (monthly), Amcncan Brewers' Review Co., Chicago, 
1887-1937. 

ZJreirers DuUctin (semiweekly), The Brewers Bulletin, Ine , Chicago, 1907- 
BreuvT? Digrtl (formcrlj Siebel T'erAniraf ffmeir) (monthly), Sichel Publishing Co , 
Chicago, 1926- 

Itrcwers Journal (formerly ll’Mfrm Brevet) (monthly), 11 S. Rich A, Co , Chic.ago, 
1876- 

Ilrewery Age (montlilj ) Brcwer\ Age Publishing Co , Chicago. 1932- 
.Vw/em Brewer (incorporated with Brewer’e Art) (monthh i. Modern Brewery, Ine, 
New York, 1926- 

The U'est Coail Brewer (inonthiv). The West Co.ast Brewer, S.in Francivo, 1036- 
Uliucii, C r Periodie.als Direclorj, I93S, B R Ikiwker Co, New York, 1938. 
(Contains a list ol bremng pcrioilicals.) 
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Bonurr, C P • Industrial Wastes. Reeosers of Fermentation Ri~<iih»-sM Fetsls, Ind 
Eng Chem , 39 (No, .1) 602 (1917) 

Ciinzsarrz, I, an«l J Jamcki Recent Adsanees in the Fermintation Indu«tri<*«, 
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Cunk. W M A IjilKirntory Mashing \pparatu«, /nd F.ng Chem f.lno/ A'd), 11: 
41 (1939) 
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Uiuteil Brewers Industrial Foundation. New A’ork. 1937 
C'«)«.nir, A J C Brewing, the Slorx of a National Indnstrj , n’oKcrtlcin fxtf.s Com- 
fni/nA.6(\n l.M 8.3-114(19(2) 
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. “Brcmiig Science and I>actice,” Vol. I, "Brewing Materiab,” Jolin U’iJev A 

Son'?, Inc , New York, 1938 (A second volume of this series is in preparation ) 
Hopkins, U H • Prevention Better Than Cure for Brewing Troubles, Food Ind., 10; 
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JoROEVSEN, A • "Practical Management of Pure Yeast” (reiised by Albert IIan.«en), 
Charles GrilTm A Company*, Ltd , London, 1936. 
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25 (1939) 
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WINE 

Wine is the product made by the ^'normal alcoholic fermentation of 
tlie juice of sound, ripe grapes, and the usual cellar treatment/’* 

Classifications and De^itions. — Wines may be classified in many 
ways. 

Dry wine is “wine in which the fermentation of the sugars is practically 
complete.”* Most dry wines contain a small amount of sugar even 
though the quantity may be so slight as to escape detection by the sense 
of taste. 

Sweet wine is “wine in which the alcoholic fermentation has been 
arrested.”* Such wines contain sufficient sugar for taste perception. 
Wines may be fortified by the addition of brandy or wine spirits. 

Fortified dry wine is “dry wine to which brandy has been added but 
which conforms in all other particulars to the standard of dry udne.”* 

Fortified sweet wine is “sweet wine to u'hich n-ine spirits have been 
added.”* 

Sparkling unne is “wine in' which the after part of the fermentation is 
completed in the bottle, the sediment being disgorged and its place 
supplied by wine or sugar liquor and/or dextrose liquor, and which 
contains, in 100 cc. (20'’C.), not less than 0.12 g. of grape ash."* Such 
uine contains considerable carbon dioxide. 

Wines may be red or white wines. A red wine is one contain.ng the 
red coloring matter extracted from the skins of the grapes; a white wine 
is one "made from white grapes or the e.xpressed fresh juice of other 
grapes.”* In making a red wine, the skins and seeds are usually left 
with the must during fermentation 

“ Modified wine, ameliorated wine, corrected wine is the product made 
by the alcoholic fermentation, with the usual cellar treatment of a nuxturc 
of the juice of sound, ripe grapes with sugar and/or dextrose, or a rirup 
containing not Jess than 65 per cent of the sugars, and in quantity not 
more than enough to raise the alcoholic strength after fermentation to 
11 per cent by volume.”* 

' US. Dept of Agnculfure, F. D. A., Service and RoguJAtory Announcements, 
Food and Drug, No. 2, Rev. 5, November, J936 

* Ibid. 



\riXE 


195 


Rftisin wine is the “product made by the alcoholic fermentation of an 
infusion of dried or evaporated grapes, or of a mixture of such infusion or 
of raisins with grape juice."* 

Regions of Production. — A large part of (he world’s wine is produced 
in the countries located near the Mediterranean Sea Franrc leads the 
world in the manufacture of wine, followed by Italy and Spam Portugal, 
Greece, the Balkan States, and Germany; Algeria and other regions of 
North Africa; Chile and Argentina; Australia, Canada, and the Vnitc<l 
States produce considerable quantities of wine. 

Tlicre are three pnncipal regions of wine production in the United 
States, represented by (1) California; (2) Louisiana, Arkansas, and Mis- 
souri; and (3) New York, Ohio, New Jersey, and Michigan * 

Imports. — The imports of sparkling and still wines with tlieir respec- 
tive values for the years indicated arc shown in Table -12. 


T\bie 42.— Amount anu Vauf. of lMronT« or Sfarkliso and Stiul Wimj*' * 



1 Quantity, 

fitousanda of g-sllons ■ 

Value, 

thou«.nn*l« of dollars 





mm 








H 



*VS tJffl n/Cennrrf Ah»tr»r» of the Urut*«l 1537 

' The IM7 •ere oh{iiin(s| troriv S a«r Cmru*. Fornon Trod* Rrport l\0 US tmi^rutor 
CocwurnrtKm of Mrrchantluw 1917 


During the calendar yc.ar 1917, the UnilrfJ Stnlr.H imporleil 181,974 
gal. of Champagne, worth Sl,6l0,373, chiefly from France and Italy; and 
858,281 gal. of Vermouth, worth $2,107,035, principally from Italy, 

France, and Argentina. In addition, large quantities of grain' wine wen* 
imiKirtcfl, particularly from Lurope and South America 

Production Statistics. — Table 43 gives the production of sill! wine 
and the numlicr of bonded wineries m the seven leading stale-* and thi' 

Uniteil States during the n-«ciil years 1937 and 1910 

A jx'nisal of this partial table indicates that ('ahfomia proiliires » 

ino--t of the still wine nianufaetuttHl in the I'niletl States. New \ork 
follows California as the Nsamd mo'-t muMirtniit •tatc 

Sparkling wine prodiiellon by eight leaihng rtates duruig the fi*s'al 
years 1937 and lOtO is n.s nuhcaleil in Table 1 1 
‘ Ifci/l. 

• n<im •ijsr, II I* , on Win** MAimfiirt»iTr tt» llw* I'nit***! FtAtr*. f "Vf. li^fi 
“Z rlirof*. tPV» 
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Table 43. — Puouuction of Still Wine and Number of Bonded Wineries iv 
Leading States and in the United States, Fiscal Years 1937 and 194G‘ 


State 

Production, 

1 

wine gallons* 

Bonded wineries’ 

1937 1 

1946 

1937 

1946 

California 

115,338,166 I 

365,008,818 | 

630 1 

413 

New York 

3,147,822 1 

4,650,147 1 

123 1 

113 

Washington i 

056,860 1 

3,094,395 1 

35 j 

23 

Oregon 


2,873,479 


22 

Michigan 

479,609 

925,263 

11 

11 

Ohio 1 

755,175 

762,539 

130 

' 102 

Georgia 

334.815 

600,866 

1 12 

4 

Total, United States 

122,015,241 

1 . 

379,935,981 

1,206 

880 


> U S Trent DepI , /Innual Rtpnrl e/ihe Commtutonfr oflitlernai Rerenue, 1937 snH 1946 

> Includes distilling materials (aubstandarxl wines produced nith excea’jve water or residue 
materials}, 

* Number operated during anj pari of the year. 

Table 44 — Production of Sparkling Wine, Fiscal Years 1937 and 1946* 


State 1 

j 

1 Production, Imif-pmt units 

1937 

1940* 

New York 

4,052,321 

19,276,240 

California 

1,531,358 1 

13,664,356 

New Jersey 

1,502,360 

3,018,110 

Missouri 

084,022 

1,447,738 


736,705 

1,677,353 

Micliigan 

1 171,745 

432,096 

Wasliington 

1 41,312 


Pennsj’lvania 

2,696 


Wisconsin 


152,589 

Total, United States 

' 9,622,525 



' us Treat Depl . Annua! Report o/Ihe Communonernf Internal Revenue. 1937 and 1946 

• Includes production of 601.386 units of artificially carhonited winea 

Chemical Composition of Wines.— In Table 45 are shown the chemicaj 
analyses of some wines of American origin made by wme makers recen’ing 
awards at the Pans Exposition during the 3 *car 1 900. The data presen ct^ 
in the table were compiled and computed from the analyses given } 
Wiley For further details, the reader is referred to the publications ol 
Amerine (1947), Amerinc and Josljm (1940), Joslyn and Amenne (1941), 
and Amerine and Winkler (1944) , . 

Volatile Acids. — Acetic and propionic acids are the volatile aci s oi 

in sound wines Acetic acid is the principal volatile acid of young u 







OF AyvniPAN \VisEs RrcmiN 
rams per 100 cubic renfimclcra) 
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but old wines contain traces of propionic acid in addition.^ Formic acid 
is usually found in diseased wines, together with acetic acid. 

Fixed Acids. — Tartaric, malic, and tannic acids arc constituents of 
the must and arc, therefore, present in the wine in varjdng proportions. 
jMuch of the tartaric acid is rcmox'cd during the manufacture of wine, 
especially during the fining process,* 

Citric acid® is found in some grapes and in some wines. Succinic acid 
is produced in very small quantities during yeast fermentation. Phos- 
phoric acid is a natural constituent of wine. 

Wine Manufacture. — ^Although the fundamentals of wine making arc 
similar in all three of the princip.al regions in the United States, methods 
vary' to some e,\tcnt in the dilTcrcnt regions owing to the varieties of 
grapes used, the climate, and other factors. For example, a lower 
temperature may be used in the pasteurization of wines produced in the 
eastern portion of the United States on account of the greater acidity 
of the Avine. 

In view of the magnitude of tlic industry in California, .special atten- 
tion wll bo devoted to discussing wine making ns it is practiced there, 
illustrating with a description of the production of red wine. 

The reader desirous of securing additional knowledge of wino making 
will find numerous references at the end of this chapter, which should 
prove to be both interesting and instructive. 

The Manufacture of Red Wine. Outline of the Process. — Selected 
grapes of the proper maturity are crushed and stemmed; treated \rith 
sulphur dio.vide, or a sulphite, or pasteurized; and inoculated n*ith a 
starter containing a pure culture of yeast. After a short fermentation 
period the wine is drarni off, placed in storage tanks for further fermenta- 
tion, racked, stored for aging, clarified, and packaged, 

Details of the Process. I. the or ape. — Tlie production of a fine wne 
may be regarded as commencing uith the selection of the best variety of 
grape for use in its manufacture. Bioletti* recommends the follo^'ing 
vaneties of grapes for the production of red wine:BecIan,BluePortuguese, 
Cabernet Sauvjgnon, Carignane, Gros Verdot, Merlot, Mondeuse, Petite 
Sirah, Serine, Tannat, and Zinfandel for the coast counties of California, 
and Barbera, Grenache, Gros hlanscnc, Lagrain, Pagadebito, Refosco, 
St. Macaire and Valdepenas for the interior valleys of California. 

* Morris, M M., Volatile Acids of TVuie, Ind. Eng Chem , 27, 1250 (1935) 

* Woodman, A G., ‘‘Food Analysis,” 3ded-, McGraw-Hill Book Company, Inc., 

New York, 1931 s r ” 

> WiNTON, A L , and K B. Winton, “The Strocture and Composition of Foods, 

Vol. 11, John Wiley & Sons, Inc., New York, 1935. 

^^lOLETTi, F T, Call/ Agr Ext. Circ. ^ Revised, 1034, 



Amerine and Winkler* recommend the varieties shou n in Table 45a for 
regions in California. The relative value of some white and red varictic^ 
of grapes for table and dessert uincs is demonstratetl m Table 45b 

The quality of the grapes of a given variety will depend upon the con- 
ditions under \Yhich they are grown — soil, climate, and otlier conditions. 

Grapes should be gathered at the proper stage of maturity In order 
to determine the degree of maturity, representative bunche.-* of grape.> 
are picked, and the Balling degree of their juice is determined A reading 
of 21 to 23® Balling is usually given by the juice of the grapes when thev 
are at the optimum stage of maturity * 

2. iiANDLiNG THE GR.KPES — In gathcnng the grapes and tran'^porting 
them to the winerj', the prime purpose should be to have them nrri\e in 
the very best condition po''Sib!e The grapes should be picked w ith care, 
placcKl in clean containers, and protecle<l from deterioration Careful 
hupcr\*ision of the handling of grapes is essential 

3 cuusniNO THE GU\rE9.— Grapes are crushed and stemmed by 

machine. The chemical composition of the metal used in the construe* 
tion of this machinerj' and other o<)uipmcnt about tlie wmerj’ is impor- 
tant. Iron and steel are used m some wineries but are undoirable for 
they may cause clouding of the wine, forming soo.alled “feme cn8.'‘C ’’ 
The tin and copper dissolved from bronze by grape juice, if ‘‘Ufhciont in 
(piantity, m.ay cau«o flavor and color iluring the aging proee-vs 

Stainle"> steel, nickel or inconel .•should be U‘-c<l m preference to iron, 
ordinary steel, and many bronze^ 

If the grapes arc not picked when cool, it Lsde'.iralde to permit them to 
cool overnight licfore tlicy arc crusheil. 

4 THEAT.MKNT iihFORE Fi.UMi NT\TioN — (Jrapcs Contain on their 
.■'Urfaccs a varied flora of mirroorgani«ms — molds, yca>>ls, and bacteria 
It is quite possible that the jiiirc of rni‘*he<l grapes will prtxluce a go(xl 
W'ine without any special precautions, but n wine inamifai'turer cannot 
alTord to gamble in rc-pccl to the quality of his wme lie ran do much 
to etistire tlie quality of Ins final prwhict by destroving or inhibiting the 
ilcvelopment of (lie microorgam*ms found on the grapes and by the u-s> of 
•‘tarters containing pure cultures of the hixTific vea*! dc'irtsl 

Sulphur tlioMilc or Milphitcs destroy or inhibit (lie growili of many 
un(le»irable (ypc« of nncroorgani'-ins — arctic nr«l bictem, wild yea*!**, 
anti ninlds — with a miniiinim amount t>f injure' to the inie wine yca»t 
B-u.ally 2 to G oz • or twice tlie quantil\ of pot.v^Mum metaliiMilphile. arc 
addetl j>c>r ton *)f ••nislasl grain's, the quantitv U'ssl iIci>ciuJing on tlie 
' \MrniNr. \t \ . nnil \ J U ism rn. 16<Nt> fn IPl'tOlli 
* \ , (itiil \V V t’ners*. t’ltfi/ .Ijr /■'tt Ctre SM. Vm rml>rr lOni 
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T\m t -l.Vi. — Ri iJiTn ». Vau u ov White and Iti.u VARimrs or (Iravj.s tor Tari » 

AM> l>F«'»fRT WlNF's’ 


Chir 


» Iti» 


liUnr 

llnl 

r^WrciM ^«u'i 


r.jpTAfh* 

Gricnetino 


AS 

Ai 

RT 

OS 



Mntium 

Luw 



L/i» 
tl.ch 
M«4>um 
, lt>tb iitMlium ' 


nh>i«. 
raioraiao 
\lu*cAl CinHIi 
Ot*Df^ Muivsi 
Gr«) RiMl.nx 
Mu) CAM* l.>snn 
tt».l 

Tmik Mtdrira 
TrD<i«wau 

CrritAfti* 

ZiafaaJt) 

SlMliro 


SZ i Kiirh 
83 Iaiw mnlium 
77 ‘ >t,cS 

76 Itish 

73 .M<.|ium 

SI nrnJiom 

7'* Uith 

77 Huh 
77 ' Jliih 

7S I llixh mnJium 
73 Mf<liuin 


* Infornatina otitaisf^ (rnm 3i A Mnaiinc aail A I SSinVU> ComroMOoa astl Qiulity e( Muau 
bbU 7Vin«A ef Caiifarnla eras'** 1 S<S« 8 > 433-473 110)4) roMaletmaiion on ■ililuinaal 

r*is*4i«* of U«*( t«l*uv« valu* r«(tr to atu*lo hr Adimim and WibKIfi 

coniliUon of the eropo«— thojt maturity, the tiepree of contuminanon v\jth 
mciiti-*. the tempcniturc of the rm-hwl prwhici. and other factor^ T!ie 
hirpicsl ciuantitiOH arc uktI when the crapes arc overnpe. moldy, or 
relatively Murm 


• Inlormatir-n nltfaltiMl frnm aKiFir )ty 31 A Amrrtn* and A J Winklat OiIaardM II <Nt> 6). 403 
673 (I'M!! 

• lly Ihi* IFrin la fn**nl al>* a'(mtnAlM*o ‘4 l>Fat *Sa>** SfT) fny th* |^TU«t *'f A|'MI lr» (Vtniirt 

•i»» loretamsU if 0 • tn<^n l»«i>|»«alMr* li* lul> **«7i*t il.* wwl 1 )•■ (73 - W) 

31 “ T7J drftay-.fa)* 

• Rf^uhi t Nal'O and Oakxlll* la N*i« Couniv l)vllut«* and h-an Juan Hauiixa in Ran IWrntn 

(*«>*int) , 33 <««l« I# in Ann 31 alF«F 3liM*ai Ann J'a* in MainFila f «>uBl> Aaraif^a in Aanla 

(Sal* I ijunij ISonOT tVnin and Vinat.iH ilinirtrFs in AaniaC'rut Ccnmii ant ('u»m»TilW Aant* llra« 

and Axnnnxa In Kai'in a (‘nunly 

Rf^aan 7 NJ*«1ad in 3loaiFr*> Cnunla flultmffcad Ax ll«S*na and A|-finc 3t'«*kn(aia in Nasa 

Cminly Aanta Hail^ia In aahia Ilailai* Cnunty Sima l^n \ ina> aid I *r*cf«vn (.'la taSii|a> datrKl. 

an*) l^a (lain* In A*nia 4Si(a Cmini* an I Olaa 111*4 la l^mninn I i*val i 

R*VMa 3 laiFfHK** an) tS<-n**ninn in Slam*-)* 4 ( a'lal'a IkiaA an I 11<v|4and In 3tmd k 

tiTtn I •man I aSiiK'Ca In Na(* Cminly A1|a** la Ann )>>*<•• ( iiuBi) T»ni|4Mrm m A*j» Otaa^u 

I lainiT t-i'fnm eilHa la Aania Ffui f onnt> and SW»an-V» 3 allay S«ti an I nova»<Sala in Awiam.a 

R>ana* 4 <■ iaa<i in Aaa IWnariliM f'aiiaty fBrim l> (n <a Aan (Aacn ( ouaiy 3raif.|a> t'arainn 
ta«Va('*'l 1a»*i a* I 31tala»a in Ann inmniiin fantaly Caada'i* (n A>4an<> ( <n.al y Catan lta|l.a>« tnj 
3 at-na*.* lA AtariaSa-ia Cnunli (lyai in S fTtnra Cm.nty and M lA 3'cJn C.purly- 

ffayiaa S | laan'* an-l AaAfaa in f raafwa Cminla 31a4a«a tn 31 a>ia«n C.ainly Aiana ami liilafainai 
■ a 3la»r*.l CwiiMi and Ti »* a in Tu’a»n 4 mnli "• 

OiiSn) firaa 3) 3 Smaa^aa am) S J ^lailaa Ca*n}ajMf.c*i anj *J 3jH*(a and H.n«w 

( •' l/.an.* r.faiM lliV« •> |n 3 -« 7 l ( 1 >I*) 








Fio. 35^ Flow djagram of wine manufacture ICourtety of Tl’. V. 


1 place of suJphites but is not usually 


Pasteurization may be used i 
considered to be so desirable. 

stances in t ™must"'^r°'^'~— “ J'cast, the nutrient sub- 
acidity, the oxvaen s„ I ^ of the sugar, the 

supervised in re^peot TotCntltr'’™'”" 




Cnifd a>»4 C /• nfint)fc<»r*l, Footl . S® (No 4 ) Ml I 

f'accltaromi/crft c!(tp*»tifcu* !■» the yea**! hm'<I fur tlif* ffrruontation of 
mu«l. S<'lfrlr«l Ktnun-'. »•'«•{» m the IhinsumJy ur Tokay -tram-*, im* 
Iriajurnt\v wi-il Many strain-*, Ix-antij: namt'H. nn‘ kmnsn 

A M from a pun- ruUurr of th*- w-lt-rlcsl yi-.vt. 

I’li-trunrc-tl nui^t f* (w-*! n.* ifu' rnUun* mr«lmm m pn-pinni; ihr ufartcr, 
.U»* luauniUHlr *)f winch phouUl n-iirr-*-nl 2 to S J*<'r cent of the \o!iinn- of 
the cni'hcsl iK'ing uu»rulatr<l 
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It is usually unnecessary to add any substances for the nutrition of the 
yeast since the crushed grapes arc an adequate source of supplj'. On rare 
occasions ammonium sulphate or phosphates may be added. 

Joslyn and Crucss' state that the optimum concentration of sugar is 
22* Balling, The use of much higher concentrations of sugar favors the 
production of more than 13 per cent of alcohol by volume. Since alcohol 
tends to inhibit the fermentation nhen present in concentrations of 13 to 
15 per cent by volume, a ma.Yimum of 13 per cent is usually desirable. 
The concentration that actually inhibits fermentation depends in part on 
the temperature of fermentation, the tolerance of the yeast for alcohol 
decreasing with increasing temperature. The approximate concentration 
of the alcohol that will be produced in the wine can be predetermined by 
multiplying the Balling reading of the must by 0.575. 

It is permis.sible to reduce the concentration of sugar in must by the 
addition of water.* Another practice is to mix the juice with the high 
sugar concentration with a juice of low sugar concentration. Occasion- 
ally sugar may be added to must. 

Grapes that have been permitted to become too mature are frequently 
of low acidity Fruit acid — tartaric, citric, or malic acids — may be added 
to restore the normal acidity 

A large supply of o.xygcn is essential for the rapid multiplication 
of yeast cells and the starting of the fermentation, as stated under 
yeast manufacture (Chap. IX), while the later stage characterized 
by alcohol and carbon dioxide production rather than growth proceeds 
best under nearly anaerobic condition. 

Approximately 0 hr. after treating the crushed grapes irith sulphur 
dioxide or sulphite, the starter is added. Thereafter the contents of the 
tank are mixed, or stirred, at least twice a day, except during the main 
fermentation, to facilitate aeration, temperature equalization, and the 
extraction of color and* tannin. Normally a “cap" forms on the surface 
of the fermentation vat, which contains grape skins, pieces of stem, see s 
and other suspended matter. To mix the contents of the tank, one may 
punch down the cap or pump juice from the bottom of the vat over t o 
surface of the must. , 

The amount of aeration produced by mixing the contents of the tan ' 
is determined by the effectiveness of the procedure and by the frequency 
at which the operation is repeated. Provided that the fermentation is 
slow at the beginning, or near the end of the incubation period, the supp > 
of oxygen may be increased by more frequent mixing of the contents o 

’/iid. _ » TT, \ • Piib- 

* Crxjess, W. V., “The Principles and Practice of AVjnc Afakins, The / u 
Jishing Co , Inc , New York, 193^ 
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the val. How ever, the must should not be ovcracruted duririK fermenta- 
tion, for overaeration is likely to produce a wine of inferior quality, 
especially insofar as color and flavor arc concerned 

Fermentation should be carried out at carefully controlled tempera- 
tures. The finest wines are produc«l usually at temperatures Mow 
So^F. (29.4®C.). The development of bouquet and aroma arc favonxl 
by maintaining the fermenting must at low temperatures, around 70 to 
TS'F. (21.1 to 23.9®C.), for example A temperature range of 70 to 90°F. 
(21.1 to 32.2°C.) is sati^jfaelorj’ When the temperature rises to SS^F. 
(29.4®C.) or, at the most, to 9fl®P. (32.2®C.), the mash should lie artifi- 
cially cooled. Temperatures above OS^F. (35®C.) are considered uns;ifc, 
while the fermentation is inhibited usually at temperatures of 97 to lOO"!’. 
(30.1 to 37.8°C.) Fermentations cca^j at a temperature of 105“F. 
(40.5*'C.)‘ generally. Undesirable Iwcleria develop at the higher tem- 
peratures. Accordingly the quality of the wine is impairwi OliMously, 
at too low temperatures, the fermentation is too i-low to lie practical. 

During the fermentation, rcco^d^ of tlic temperature and the Hailing 
degree should be made at least twice a <lay. one >et of oh-crvatlons lioing 
recorded on the side of the fermentation vat in order that the progress 
of the wine ma.v lio followed 

After 3 to 5 days of active fermentation, «uflieieni tannin and a maxi- 
mum of color have been extracted from the !*kin of tlie grape Kxtraction 
is facilitated by the agitation of |>omacc (ekm, '■cfHN. and pieces of sterns) 
during fermentation, by the ethyl alcohol priMhin'd from the grape sugar, 
the heat of fermentation, ami the mechanical breaking up of tlie skin 
The wine maker decide^, when the color and tannin content are Kiti-*- 
factorj* nn<l then draws off the wme to srparalc it from tlie pomace Ilo 
docs not wail for all the nigar to Iw frrmrntcsl \X the time of drawing 
off the wine, the Hailing rcmlmg mnv lie 0 to I* It h not con'-ideml 
advisiible to mix the w me drawn off (“fre«‘-nin wine") with that e\prr*v's^l 
from the pomace, for the latter is of lower quality. 

fi rcKTifi’ic — The fn'o-nin nine »•. pl.-nfsl ni 

•'torage tanks, e<iuip()ed with bungs that allow the excess carbon dicixide 
to (‘'cajM* An atmosphere of carbon dioxide oxer the wine tends to 
inhibit the dexeloptnent of iiceiic arid b.icleria and other aerobic iyjx*s 
of mirrcHirganisms The fennenlable ••tigar is usually ron*umfs| in 7 to 
11 da\s Jit n temiM'rature of 70 to S5*r (21 I to 2tM®C' 1 

If the after fermentation lieroincs shiggisb I'cfore the Mitnr i* uiiltzcd, 
the >ea-t may lx* activated bv pumping oxer the wme 

7 lixi'Klsc: By racking is meant the draxMtig off of the wine fnim 
the lees or issliment I’litas-ium bitartrale «KIfU»fl«<bi. « ' . cnMm of 
I lU.i 
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tartar, is found in the leea. This substance is less soluble in alcohol than 
in water and precipitates out more rapidly at low temperatures. 

Wine is racked to facilitate its clearing and to prevent undesirable 
flavors from being extracted from the old yeast. 

8. sTOiiAGE AND AGING. — ^Two important changes take place during 
storage and aging: clearing of the wine and the development of flavor 

In a new nine there arc present substances which, if not removed, ivill 
produce a sediment and probably cloudiness. These substances include 
tartrates, certain proteins, and other matter. Naturally these substances 
would be removed by racking and filtration during a somewhat long 
storage and aging process, but the modem trend is to hasten the removal 
of these substances by methods that involve flash pasteurization (to 
precipitate certain proteins), cooling to room temperature and then to 
24 to 27°F. (—4.44 to —2.78°C.), and holding at the latter teniperature 
for a few days. Filtration is carried out in the cold. Since the acid 
content of the wine is frequently reduced by the foregoing rapid process 
it is customao' to adjust the acidity \vith citric or tartaric acids, the 
former acid being preferred. The \rine is placed in tanks for aging. 

Wine storage tanks are generally constructed of white oak or redwood, 
white oak being the better of the two The tanks arc completely filled 
with V, me and sealed to prevent the access of large quantities of oxygen, 
which would favor the growth of acetic acid bacteria and Mycodema rini 
(uine flowers). Some uinc is always lost through evaporation. Con- 
setiuently, the tanks should be inspected regularly and kept filled wth 
nine. Periodically the wine is racked. During racking and filling, 
especially, carbon dioxide is lost while some oxygen is absorbed. A small 
amount of oxygen accumulates m the headspace over the wine. 

Flavor, which is due to a combination of taste and odor, is developed 
in wine as a result of oxidative clianges and ester formation. 

Aging proceeds slowly until oxygen becomes available in small 
quantities. It is inhibited by the presence of large quantities of carbon 
dioxide, by sulphur dioxide, and by the exclusion of air. New wines 
stored m airtight bottles do not age properly. 

Alcohols, aldehydes, tannins, and other substances present in the wine 
are oxidizable. Alcohols may be converted to aldehyde and subsequent j 
to acids by oxidation. Aldehydes form acetals with alcohol. 

Combinations of alcohols with acids give rise to esters, which are 
important in*the production of aroma or bouquet. Although opinions 
differ concerning the importance of esters, it is recognized that the na ure 
of volatile esters is of greater significance than the quantity.* The es ers 
of acetic acid contribute much to the flavor and bouquet of ndne. 

» Nelson, E. K , Food Resecreh, 8: 221 (1937). 
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The time required for aping vanes wnth the typo of wine and the 
oonditions. A dry ^vine may require at least 2 years. Some fine wines 
arc aged for 5 or more years. 

9. CL\^niFic.\TioN'. — Wines may clear naturally over a period of 
time, but resort is frequently made to the use of finings followed by filtra- 
tion, boating, refrigeration, or combinations of the foregoing Fining 
agents, which include such substances as casein, gelatin and tannin, 
bentonite (of Wyoming origin, if possible), isinglass (fish protein from the 
sturgeon), white of egg, and SpanUh clay, are mixed «ith (he wine care- 
fulb' according to direction, or preferably after laboratory tests have been 
carried out with small portions of the mne and the fining agents. The 
improper use of some of the fining agents may, in itself, be a cause of 
clouding of the wine. 

Filtration is carried out with filter aids For further details the 
reader is referred to “The Principles and Practice of Wine Making" by 
Cniess and to the more recent publications on tins subject * 

10. PACiCAQiNG. — The clarified wine is placed in oak barrels for hulk 
Kile and in bottles or in cans for unit sale 

liottlo-s of small and medium size may be pusteiinzcd for 00 min 

at UOT.* 

Defects of Wine. — Defects of wine may be caueetl by mieroorg.sni'‘m>', 
in which case they arc known as di«eascs. or by other agencies. The 
diseases of wine are of two general typos* lhoM‘ cau>eil by aerobic micro- 
organisms, and tho-o caused by facultative an.acrohe» or anaerobes 

Discoff^ Cousrd by Aerobic Microorganism'^ — The aerolac di'Ca'^es of 
wines arc cau-ed principally by mycodermas and acetic acid bacteria. 
Tbe«o microorganisms grow w cil in wine m tbc prcvcnce of oxygen They 
c.auK« no trouble if the wine is carefully Mi|M*rx*i'-cd <lunng its mamifaclure 
and Ktonige. They arc most likely to l>ceoinc«riive during the fermenta- 
tion of must, if the cap is not punches! <Iown frwjuciKly. and dtinng the 
stonige of wine, if the containers arc not kept projicriy fiUrtf anil walisf 
ci'ni (wine flowers) forms a film over (he Mirfare of wine 
and attacks the extract, the alcohol, and orravum:dIy the organic acuN 

Acetic acid bacteria will priKiurc vinegar from wine in llie pn*.-<'iKc of 
oxygen, unle-s they are de-^troyc*! or prcxcntwl from growing Their 
activities are di-nisM*d in the rh.ap!i'r on xincgar 

Diurnurn Cainril by ForulMirr AnarrolfS or .l»inrrt>/<c* TOl’ltVU 
nisi \sr — 'rjie tonu ‘'t<»ume'' isron-nlcml toMgnify cither the organi-m 
cau-ing the ilwaw* or the romhtion pixxUirisI in «me by large mimlsTs of 

'Sv^nriul, r. In.l Tn? rA<-n .at: 121 '. (W>» 

*(*«t|.s.U t Fru.t , t5:40 09X'.) 
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these bacteria.* Toume is considered to be the most serious disease of 
wines and one of the most common.* 

The organism is an anaerobic bacterium, wliich occurs as long, slender 
rods. It may be found in red or white wines, or in fortified wines with an 
alcohol content of 20 per cent or greater. It grows best, however, if the 
alcohol concentration is not too great. Sugar and other nutrient sub- 
stances favor its growth. It is likeU' to develop in wines “stuck” due 
to high temperatures. It is inhibited slightly by tannin but verj' strongly 
by sulphur dioxide and metabisulphites. 

Toume is indicated* bj’ increasing volatile acidity, b}’ decreasing fi^ed 
aciditv, by a “silky” tjT>c of cloudiness, and, when the condition has 
progressed well, by an odor and taste that Is termed “mousey.” 

Toume may be detected by a microscopic examination of the sedi- 
ment o!n uiiod by centrifuging a sample of the wine, or by analyses of 
the wine im \olatile acids. If the maximum amount of volatile acid 
perm.”» d u' wine by law — 0.14 for red wine or 0.12 for white wine^has 
been ed or e\ceede<l, then there is good evidence that the wine mav 

b( uifect“d with tourne. Taste may also be of some assistance in its 
iletcction 

The judicious application of sulphur dioxide, 75 p.p.m., to wines, or 
pasteurization; the use of a high degree of cleanliness about the pl^mt, 
-tenhzatiou of equipment with steam when necessary; and rigid labora- 
tory control should lower the incidence, or prevent, toume disease of wine 

A pasteurization of bottled wine at a temperature of 145*F. for 30 mm 
la ver>' effecine m preventing toume. 

Once wine has been infected by toume, it should be made b^iant} 
clear by filtration with selected infusorial earths, or by clarification w 
bentonite followed by passage through germproof filters * Su p ^ 
dioxide, or u.s equivalent of mctabisulphite, should then be added to 
wine in such quantity that its concentration will be maintained a* ‘ 
p.pm., or greater. All equipment that has been infected shou ^ 
treated with live steam or a suitable disinfectant to destroy the souixc 
infection. 

lactob.^cillus niLG.VRDii. — Spoilage of some dr>' wines in 
has been caused by Lactobacillus Hilgardii,^ a nomnotile, 
ing rod, which produces lactic and acetic acids. A silky *' 
is produced, while the flavor is affected and becomes so® 
“mousey.” 


^CEss, W. V,, The Tourne Disease of ttlne, FrvH Products Jour., 
JosLTN and Cbcess, ]oc. cit. 

JosLTN and Cruess, loc. cit. 

Crue-ss, W. V., Fruit ProducU Jour., 14 : 19S (1935). 

Docgl.«. h. C . and W. V. Crtte.®, Food Research. 10: 113 (IPSe' 
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MAXNiTOL (MANNiTh) FoiLMixo iiACThRK.— Bactcria that prcKluce 
volatile acid, lactic acid, and mannitol (CilluO*) from k1uco>o grow ucll 
at temperatures above 100“F. Their gro^^th is inhibited by keeping the 
temperature of fermentation well below tins point, by the use of sulphur 
diovide, and by an increase m the acid content of the nine due (o the 
addition of citric or tartaric acid.* 

SLiJiE FOII.M1NO iiACTEtUA. — Infcctcd winc may become slimj' and 
cloudy. Slime formation occurs chiefly in white nines, usually young 
n incs in closed containers. The occurrence of shme-forming haclcria in 
nine is not common and may be prcvcnlctl by adding tannin to wines Ion 
in this substance and by use of .sulphur diovidc or metabisulphitc. 

OTUKii luCTKRUL DiSE^SK.s — Coi'ci, uhicli inav be inhibited by 80* 
or destroyed b}’ pasteurization, may rau«o cloudiness in nhitc nines. 

Hitter nines may be eaiisetl by the grontli of biityrie acid bacteria, 
while a .sour nine may lesult from the growth of lactic acid haclcria. 

Dcficis Not Caused by M tcrooryantsms — iJcfccls in wines may be 
caused by metals, enzymes, and the improper use of certain fining agents 

Iron IS a cause of clouding in nines Two different types of defects 
are produced by iron, one is knonm os black, blue, or ferric cosse; the 
other as white cas.sc. 

Ferric easse is indicated by the nppearance of a gray to groy»blup 
sediment in the wine and by clouding The defect is found in bottled 
«liitc nines, c^pcclally Iron forms n precipitate nith the tannin and 
coloring matter of red n me Only a fen parts of iron in a million parts of 
wine will produce ferric cji^se Oxygen facilitates the formation of 
ferric ions from ferrous loii' 

Ferric cjisse may Ik* prevrnied by ««ing equipment constnicted of the 
projHT types of metal and inhibiieil by 0 I per eent citnc acid. 

The defect nmy be treated in one of wvend manners In onemctluKl,* 
the iron isciMiliznl t<i the ferric singe by aenition. Tannin to the amount 
of 0 05 ivr cent is aihled (’Innfieation willi c.*isrm and bentonite follow. 
In a wvond niviiuxi, the iron i- oxidized by aenition, f.annin is niJdeii, 
and then gelatin. Settling is pcrmUtiHl. which is follower! by racking, 
hUnition, and andificalnai with nine and. In a thml method, tartaric 
acid is addci! to the wme. an«l the wine is then refrigerated. Cn*.im of 
tartar ami iron nalt.s an* iin'eipitate*! 

ir/iifc IS also cau-s**! Iiy an excess of in>n 'I'lir pOTipitale N ifne 
in part to iron ph«»sph ite It oeciirs in white «ine. Tm'Urnent is as 
outlined above for ferric r'i«.*e 

Oxidoff en*’r i« iincoiiiriton If t-* ea«*e<l by an rrinmc, oxHhisc. 
pMsIucnl bv «ertain nioI»!« whicb raii-es white x'.ities to become brown 

' Jo-i anil c n' I 's /■»- rif 


39 sroiiaii; 
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and the color to be precipitated in red wines. Sulphur dioxide inhibits 
this oxidase, while pasteurization at 180®F. destroys it. 

Other Defects. — Tin, tin salts, copper, aldehydes, or excessive quanti- 
ties of gelatin may cause clouding of the wine. For a furtherdiscussion 
of this subject the reader is referred to the publications of Cruess and 
other workers. 

Coatings of Wine Tanks.- — Concrete tanks are used for the fermenta- 
tion of must and the storage of wine, but they must be lined to prevent 
an undue amount of calcium from being dissolved by the wine. Steel 
tanks should be lined to prevent the solution of iron 

According to Cruess^ and his associates one cfTective method for 
coating concrete is to treat the concrete first with a 0.5 per cent, then a 
25 per cent, solution of tartaric acid. An insoluble calcium tartrate forms 
over the surface of the tank. 

A mixture of 25 per cent GiJsonite and 75 per cent paraffin produces a 
protective coating for concrete and steel. Such finings arc easily applied 
and not c.xpensivo. 

Bass-Hucter black enamel gives good results* witJi both steel and con- 
crete. A coating of paraffin over the enamel gives even better protection. 

Standards of Identity for Wine.* — The Federal Alcohol Administra- 
tion has set up standards of identity for wine, the te.xt of which follows; 

Article 11 Sec. 20 AppUentton of standards. — The standards of identity for 
the several classes and types of wine set forth herein sh.*!)! be applicable to all 
regulations and permits issued under the act. ‘Whenever any term for which a 
standard of identity has been establishe<l herein Is used in any such regulation 
or permit, such term shall have the meaning assigned to it by such standard of 
identity 

Sec. 21, The standards of identity. — Standanls of identity for the several 
classes and types of wine set forth herein shall be us follows. 

Class 1. Grape unne. — (a) "Grape wine” is wine produced by tl' normal 
alcoholic fermentation of the juice of sound, ripe grape.s (including restored or 
unresfored pure condensed grape must), rvith or without the addition, after fer* 
mentation, of pure condensed grape must, and with or without added forti^}^^g 
grape spirits or alcohol, but without other addition or abstraction except as may 
occur in cellar treatment, Provided, Tliat the product may be ameliorated before, 
during, or after fermentation by either of the following methods. 

(1) By adding, separately or in combination, drj’ sugar, or such an amoun 
of sugar and water solution as will not increase the volume of the resulting prot uc 
more than 35 per cent, but in no event shall any product so ameliorated have an 

‘ CnuEss. W V.. T Scott, H B Smith, and L. M. Cash, Foed Research. 2: 385 
(1937). 

*US Dept of the Treasury, Fetleral Alcohol AdmimstraUon, Regulations , 
Amendment 2, Washington, Aug. 22, 1938 
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alpoholic content, derived by fermentation, of more than 13 per cent by volume, 
or a natural acid content, if v.'atcr has been added, of lc<s than 5 parts i>er thou- 
Rand, or an unfermented residual sugar content, dcrivctl from addeil sugar, of 
more than 1 1 i>cr cent by w eight. 

(2) By adding, separately or m combination, not more than 1 1 per cent by 
weight of drj' sugar, or not more than 10 per cent by weight of water. 

The maximum volatile acidity, calculated an acetic acid and exclusive of 
sulphur dioxide, shall not ho, for natural red wine, more than 0 1 4 gram, and for 
otlier grape wine, more than 0,12 gram, per 100 cubic centimeters (20‘’C.). 

(6) “Red wine” is grape wine winch contains the red coloring matter of the 
skins, iuice, or pulp of grapes 

. (c) “White wine” is grape wmc which docs not contain the red coloring 
matter of the skins, juice, or pulp of grajics. 

(d) “Light wine" (including “light grape wine,” “light rc<l wmc,” and 
“light white wine") h grape wine Imang an tilcoliultc content not m excels of 
14 jicr cent by volume. 

(c) “Natural grape wipe” (including "natural rc<l wmc” and "natural 
white wmc”) is grape wine containing no fortifying grape spirit" or ad«lo«l alcohol 
(/) “Angelica,” “madcira,” "muscatel,” and “port” arc type" of grnjw 
wine containing fortifying grape spirits or added alcohol, h.ivnng the ta«tc, aronvi, 
and characteristics generally nttnhutcil to thc>c products, and an alcoholic 
content of not les-s than IR per cent by volume 

(p) “Sherrj'” is a tjiie of graiw wine containing fortif>nng grajic spirits or 
addeil nleolinl, having tlic ta«tc. aroma, and characteristics generally nttrihutcil 
to this product, and an alcoholic content of not less than 17 |>er cent by volume. 

{h) “Light jKirt” and “light sherrv ” arc tyi>es of grajic wine containing 
fortifjdng grn|ie spirits or nddcsl alcohol, having the l,v«te, aroma, and char* 
acterislirs generally attributed to “jH»rt” and “sherrj*,” rcsiicetivcly, and nn 
alcoholic content of more tlinn 14 per coat by volume 

Clw 2 S;>fjrJl/in(r (rropr inne — (o) “SpirUmg grape wine" (inclmling 
“pp.arkhng wine," “sparkling rrvl wine,” an«l ”sp»rkhng white wine") l* gral^* 
wine made effervescent with c.arlK»n dioxide resulting solely from the serondxrj* 
fermentation of the wine within a cl(>»e*l nm!.ainer, tank, or iKittle. 

(6) "(‘hampagne" is a tyjw of sparkling light white wme which derive" its 
errerVf».rcnco solely from the focondiry fenuent.atnm of the wine within gl.w 
ixmlainers of not greater than one gallon raicn ity. and which the taste, 

nmnui, and other ch.vracten"tics attributnl to rhampngne n-s nuvie in the cham* 
jwgne district of Trance 

(r) A sjMrkling light white wine having the ta«te. anuna. ami rhararteri«tirs 
gmeejlly attributisl to clntnjwgne but not otherwise rvmbinning to the st.andvnl 
for "chainpscne" nwy. in addition to but not in heu of the rK«.« de«ignation 
“sparkhtig Wine," 1 k> further di-ignatcl a" rhainpvgne rtvle ' or ‘ chmijwgne 
type” or “Atncriran (or New York J*tBte. California, etc) chanijiagne l«dk 
pri»ee««’' all the wonl* in any such further doignatom shall l*e r<pivllv rvin- 
spicuous and shall ap}>ear in ilirect conjunction with and m lettering apprnti- 
nwtrlv one.hvlf the sue of the words • sparkling wine 
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ClaJM 3. (^QTbonaicd grape trine. — (a) ‘‘Carhonated grai>e wine” (including 
“carbonated wine," “cjirlxmated red wine,” and “carlwnatcd white wine’’) is 
prape wjno made effervescent with carbon diovidc otlicr than that resulting solely 
from Uic secondary fermentation of the wine witfiin a closed container, tank, or 
bottle. 

Class 4. Citrus trine, — {a) “Citnis wine” or “citrus fruit wine" is nine pro- 
duced by the nonnal alcoholic fennentatton of the juice of sound, rijic citrus fmit 
(including rastored or imre‘’toro<J pure eonden«cd citrus must), with or without 
tlio addition, after fermentation, of pure condcneofl citrus must, and with or 
witlioiit a<ldc<i fortifying citrus npints or alcohol, but without other addition or 
abstraction except ns may occur in cellar treatment, Provided, That the product 
may f>c ameliorated before, during, or after fermentation by adding, separately 
or in comlnnation, <lry sugar, or sucli an amount of sugar and water solution as 
will not incrca.se tlic volume of the rciUiUing product more than 33 per cent, but 
in no event shall any product so amelioralod liave an alcoholic content, rlerivc<l 
liy fermentation, of more than 13 j>cr cent by volume, or a natural acid content, 
if water has been addoil, of !c<s limn 5 parts })cr thousand, or an unfermented 
residual sugar content, derived from added sugar, of more than 11 per cent 
by weight. 

The ma.ximum volatile acnhly, calculated n.s acetic acid and exclusive of 
sulphur dioxide, shall not bo, for natural citrus wine, more than 0.14 pram, and 
for other citrus nine, more than 0.12 gram, j>cr 100 cubic centimeters (20®C.) 

(h) “Light citrus wine" or "light citrus fruit wine" Is citnis nine haWng an 
alcoholic content ruit in excess of 14 per rent by volume. 

(c) “Natural citrus wmc” or “natural citrus fruit wine" is citrus wine con- 
taining no fortifying citrus spirits or added alcolinl. 

(d) Citrus wine derived wholly (except for sugar, water, or added nlcohol) 
from one kind of citrus fruit, shall Ihj designated by the word "wine" qualified 
by the name of such citrus fniit, r p , “orange wmc,” “grapefmit wine.' Citrus 
wine not derived wholly from one kind of citrus fruit shall be designated a-s "citrus 
wmc” or “citrus fruit wine” quahfiwl by a truthful and adequate statement o 
composition appearing m direct conjunction therewith. Citru.s nine render 
cffen’csccnt by carbon dioxide resulting solely from the secondarj* fermentation 
of the wane within a closed container, tank, or bottle shall be further designate' 
as “sparkling”; and citrus wine rendered effervescent by carbon dioxide ot er 
wise derived shall be further designated as “carbonated.” 

Clafes 5. fruit un'nc.— (o) “Fruit wine” is wine (other than grape wine or 
citrus wme) produced by the normal alcoholic fermentation of the ;uicc of sown . 
ripe fruit (including restored or nnrestored pure condensed fruit must), wi or 
without the addition, after fermentation, of pure condemned fruit *”**®^’ 
or without added fortifying fruit spirits or alcohol, but without other addi ion 
abstraction except as may occur in cellar treatment, Provided, That t e pro uc 
may be ameliorated before, during, or after fermentation by adding, separate} 
or in combination, drj’ sugar, or such an amount of sugar and water so u 
will not increase the volume of the resulting product more than 35 per cim , 
in no event shall any product so ameliorated have an alcoholic content, den 
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by fermentation, of more than 13 per cent by volume, or a natural acid content, 
if water has been added, of less than 5 parts per thousand, or an unfermented 
residual sugar content, derived from added sugar, of more than 11 per cent 
by weight 

The maximum volatile acidity, calculated as acetic acid and exclusive of 
sulphur dioxide, shall not be, for natural fruit wine, more than 0 14 gram, and for 
other fruit wine, more than 0 12 gram, per 100 cubic centimeters (20°C.). 

(6) “Berry wine" is fruit wine produced from berries 

(c) “Light fruit wine” is fruit wine having an alcoholic content not m excess 
of 14 per cent by volume 

(d) “Natural fruit wne" is fruit wine containing no fortifying fruit spirits 
or added alcohol 

(e) Fruit wine derived wholly (except for sugar, water, or added alcohol) 
from one kind of fruit shall be designated by the word “wine" qualified by the 
name of such fruit, eg, “peach wine,” "blackberry wme." Fruit wine not 
derived wholly from one kind of fruit shall be designated as “fruit wine" or 
“ berry wine," as the case may be, qualified by a truthful and adequate statement 
of composition appeanng m direct conjunction therewith. Fruit wines which are 
derived svholly (except for sugar, water, or added alcohol) from apples or pears 
maybe designated “cider” and “perry,” respectively, and shall be so designated 
if lacking m vinous taste, aroma, and characteristics. Fruit wine rendered 
effervescent by carbon dioxide resulting solely from the secondary fermentation 
of the wine within a closed container, tank, or bottle shall be furtlier designated 
as "sparkling”; and fruit wme rendered effervescent by carbon dioxide other- 
wise derived shall he further designated as “carbonated ” 

Class Q. Wine from other agncuHural products. — (o) Wme of this class is 
wme (other than grape wme, citrus wine, or fruit wine) made by the normal 
alcoholic fermentation of sound fermentable agricultural products, either fresh 
or dned, or of the restored or unrestored pure condensed mu<it thereof, with the 
addition before or during feimentation of a volume of water not greater than the 
minimum necessary to correct natural moisture deficiencies in such products, 
with or without the addition, after fermentation, of pure condensed must, and 
with or without added alcohol or such other fortifying spirits as will not alter 
the character of the product, but without other addition or abstraction except as 
may occur in cellar treatment, Pronded, That the product may be ameliorated 
before, during, or after fermentation by adding, separately or in combination, 
dry sugar, or such an amount of sugar and water solution as will not increase 
the volume of the resulting product more than 35 per cent, but m no event shall 
any product so ameliorated have an alcoholic content, derived by fermentation, 
of more than 13 per cent by volume, or a natural acid content, if water has been 
added, of less than 5 parts per thousand, or an unfermented residual .sugar con- 
tent, derived from added sugar, of more than II per cent by weight. 

The maximum volatile acidity, calculated as acetic acid and exclusne of 
sulphur dioxide, shall not be, for natural wine of this class, more than 0.14 gram, 
and for other wine of this cla”, more than 0.12 gram, per 100 cubic centimeters 
(20*C ) 
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(6) “Light” wine of this class is wine ha\ing an alcoholic content not in 
excess of 14 per cent by volume. 

(c) “Natuial” wine of this class is wine containing no fortifying spirits or 
added alcohol. 

(d) “Raisin wine” is wine of this class made from dried grapes. 

(e) “Sake” is wine of this class produced from rice in accordance with the 
commonly accepted metliod of manufacture of such product. 

if) Wine of this class derived wholly (except for sugaT, water, or added alco- 
hol) from one kind of agricultural product shall, except in the case of “sake,” be 
designated bythe word “wine "qualified by the name of such agricultural product, 
e.g., “honey wine,” “raism wine,” “dried blackberry wine.” Wine of this 
class not derived wholly from one kind of agricultural product shall be designated 
as “wnne” qualified by a truthful and adequate statement of compo-sition appear- 
ing in direct conjunction therewith. Wine of this class rendered effervescent 
by carbon dioxide resulting solely from the secondary fermentation of ivine 
within a closed container, tank, or bottle shall be further designated as “spark- 
ling”, and wine of this class rendered effervescent by carbon dioxide otherwTse 
derived shall be further designated as “carbonated.” 

Class 7. Vermouth. — (a) “Vermouth” is a compound having an alcoholic 
content of not less than 15 per cent by volume, made by the mixture of extracts 
from macerated aromatic flavoring matenals w ith grape wine containing fortify- 
ing grape spirits or added alcohol, and manufactured in such a manner that the 
product possesses the taste, aroma, and characteristics generally attributed to 
vermouth. 

Class 8. Imitation, concentrate, and eubstandard nine. — (a) “Imitation 
wine” shall bear as a part of its designation the word "imitation,” and shall 
include.’ 

(1) Any wine containing synthetic materials. 

(2) Any wine made from a mixture of water with residue remaining after 
thorough pressing of grapes, fruit, or other agricultural products. 

(3) Any class or type of wine the taste, aroma, color, or other characteristics 
of which have been acquired in whole or in part, by treatment w'ith methods or 
materials of any kind, if the taste, aroma, color, or other characteristics of norms 
wines of such class or type are acquired wthout such treatment. 

(6) “ Concentrate wine” shall bear as a part of its designation the word con 
centrate,” and shall include any wine made from must concentrated at any >rne 
to more than 80° (Balling) u • H 

(c) “Substandard ivine” shall bear as a part of its designation t e I'or 
“substandard,” and shall include: _ .. , 

(1) Any wine having a volatile acidity m excess of the maximum prescri e< 

therefor in this article. , • 

(2) Any wine for which no maximum volatile acidity is presen e m 
article, having a volatile acidity, calculated as acetic acid and exclusive o su p 
dioxide, in excess of 0.14 gram per 100 cubic centimeters (20 C.).^ 

(3) Any wine for which a standard of identify is prescribed in t ‘ ’ 

which, through disease, decomposition, or otherwise, fails to have e 
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position, color, and clean vinous taste and aroma of normal wines conforming 
to such standard. 

Sec. 22. Blends, cellar treatment, alleration of class or type — (a) If tlie class 
or type of any wine shall be altered, and if the product as so altered does not fall 
■within any other class or type either specified in this article or kno^\ n to the 
trade, then such w me shall, unless otherwise specified in this section, be designated 
wth a truthful and adequate statement of composition in accordance w ith section 
34, article III, of these regulations. 

(6) Alteration of class or type shall be deemed to result from any of the 
following occurring before, during, or after production: 

(1) Treatment of any class or tjqie of wine with substances foreign to such 
wine which remain therein, Provided, That the presence in finished wine of not 
more than 350 parts per million (not more than 70 of such parts being in a free 
state) of total sulphur dioxide, or sulphites expressed as sulphur dioxide, shall not 
be precluded under this paragraph. 

(2) Treatment of any class or type of mne with sulistanccs not foreign to 
such wine but which remain therein in larger quantities than are naturally and 
normally present in other wnnes of the same class or type not so treated 

(3) Treatment of any class or type of wine with methods or materials of any 
kind to such an extent or in such manner as to affect the basic composition of 
the wine so treated by altering any of its characteristic elements. 

(4) Blending of wine of one class with wine of another class or the blending 
of wines of different types within the same class. 

(5) Treatment of any cla.ss or type of wine for which a Ptand.ird of identity 
is prescribed in this article with sugar or water m excess of tlie quantities stwciN 
ically authorized by such standard, Provuled, That where such wine is derived 
exclusively from fruit or other agricultural prcwlucts the normal acidity of which 
is 20 parts or more per thous.Tnd, and such wine ha« been manufactured in 
accordance with the standard of identity therefor in all respects except that the 
volume of the product has been increased more than 35 per cent, but not more 
than CO per cent, by the addition of sugar ami water solution for the sole piirpo=c 
of correcting natural deficiencies due to such acidity, the class or type shall not 
be deemed to be altered but there sliall Ik* stated, as a part of the clas,s or t}q>e 
designation, the phrase “made with over 35 i>cr cent sugar "olution ” 

(c) Nothing m this section sh.ill preclmlc the treatment of wine of any 
d!us.s or t>qic in the manner hereinafter n>crifiotl, proxndetl such trc.itmcnt docs 
not result in the alteration of the clx«sor tyjic of the wine under the j)roxi«inns of 
paragraph (5) of this section. 

(1) Treatment with filtering equipment, and with finiiig or sterilizing ngent.« 

(2) Treatment with pasteurization at the minimum temiierature and for the 
minimum period neccs-oaiy to accomplish pnirtical «t3bihz,itinn, liut not for the 
purpose of shortening the nomuil maturation jienoil. 

(3) Treatment with refrigeration at the imiximiim temjx'rature and for the 
minimum penml neeewin,’ to accomplish practical stabilizatinii, but not for the 
punw>c of sborlcnmg the normal nritunitinn j>en«l 

(4) Treatment with mcthmls and materials to the minimum extent necea- 
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sary to co:rcct cloudiness, precipitation, or abnormal color, odor, or flavor 
developing in wine. 

(5) Treatment with constituents naturally present in tlm kind of fruit or 
other agricultural product from which the vine is produced for the purpose of 
correcting deficiencies of the.se constituents, but only to the extent that such 
constituents wouhl be present in normal wines of the same class or tj-pe not so 
treated. 

See. 23. (?rnpc /ype dciignaiinM. — (a) A name indicative of a variety of 
grape may be employed ns the Ijthj designation of a grape wine if llic wine 
denves its predominant taste, aroma, and characteristics, and at Iea.st 51 per cent 
of its volume, from that varielj' of grape. If suclj tj7)e designation is not known 
to the consumer as the name of a grape variclj', there sfiall appear in direct con- 
junction therewith an c.xplanatory statement as to the significance thereof. 

Sec. 24. f7c«cnc, scmi-gcneric^ ami tmi-gcncrie dcstgnalions of geographic 
significance. — (o) A name of geographic significance which is also thetlcs}gn.ation 
of a class or type of wine, shall be dcctnoil to Imvc become generic only if so found 
by the Administrator. 

Examples of generic names, originally having geographic significance, which 
are dcaignationa for a cLiss or of wine arc: vermouth, sake. 

(6) A name of gcograpfiic significance, which is also the designation of a 
class or type of wine, shall bo deemed to have become scmi-generic only if so 
found by the Administrator. Semi-generic designations may be used to designate 
wines of an origin other than that indicated by such name only if there appears in 
direct conjunction therewith an appropriate appellation of origin disclosing the 
true place* of origin of the wine. 

Examples of scrai-goneric names which arc also designations for tj^es of 
grape wine are; Angelica, Burgundy, Claret, Chabhs, Champagne, Chianti, 
Malaga, Marsala, ^Madeira, Mo.'Kille, Port, nhinc Wine (syn. Hock), Sauterne, 
Haut Sauterne, Sherry, Tokay. 

(c) A name of geographic significance, which h.as not been found by the 
Administrator to be generic or semi-generic, may be used only to designate wines 
of the origin ]ndic.atcd by such name, but such name shall not be deemed to e 
tlie distinctive designation of a wine unless the Administrator finds that it la 
known to the consumer and to the trade ns the designation of a specifit wine o a 
particular place or region, distinguishable from all other wines. 

Examples of non-generic names which are not distinctive designiitiow o 
specific wines arc American, California, Lake Erie Islands, Napa Aallej, i C" 
York State, Frencli, Spanish. , 

Examples of non-generic names xvhich are also distinctive designarions o 
specific grape wmes are: Bordeaux Blanc, Bordeaux Rouge, Graies, ^ c oc, 

St. Julien, Chateau Vquem, Chateau JIargaux, Chateau Lafite, ’ 

Chambertin, Montrachet, Rhone, Lieb/raumilch, Rudesiieimer, Forster ei 
sheimer, Schloss Johannisbergcr, Lagrima, Lacryma Chnsti. 

Sec 25 Appellations of origin — (a) A wine shall be entitled to an 
tion of origin if (1) at le.ast 75 per cent of its volume is derived from fruit or o 
agricultural products both grow’n and fermented in the place or region in tea 
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liy such Appellation, (2) it ha? been fully manufactured ontl finisher! within such 
place or region, and (3) it eonfonn? to (he requirement? of the law? and recula- 
tion? of such place or region coverning the compoeition, nictho<l of manufacture, 
and designation of wine? for home consumption. 

(h) Wines subjected to cellar treatment outside the place or region of origin 
under the provisions of section 22(c) of this article, and blend? of wines of tbc 
Mine origin blendeil together outside the place or region of origin (if all the wine? 
in the blend ba\c a common cla«s, (\t>o, or other designation wbicb i? employerf 
a.? tbc designation of the blend), shall Ik* entitleil to the same appellation of 
origin to wliicli they would bo entitled if such rellar treatment or blending took 
place within the place or region of origin 

Refereocc* on Wine 

AorM?, r 11. (’hciniral f^tcrilir.'ttinn in tlic Wmerj, /Vui/ /'ri>/Mcr4 Jci/r , IS: J 77 
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— — : "’nic Jlomancc of Wme,” K 1’ Ihilton A fompaii), .New Vork, I'i33 
Auhum , M A. iVtcrimaatioii of m U’lncs— Ij<|UjiM,ir|iiir| Ilxlrnciioii. f'ofl 
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— — — and NY DiMArrn Color in ('aliform? Winc«, 111 Method* of Iti’mniing 
('?)Ior from the Fkiii*. For*/ llfrnreh, 6 <No Rt (J't|0> 

anil U (■ HiiTiiKfi (JUccmt m Wine*, Jour Hfio Igr CkrmnlJi, 

36 (No 3t. 40^-11.1 (rM3i 

— - rtfal .M A Jo*LT> ('omnterrial FriHhirtion of Table Ume*, Hull Wi. f n,r 
fVi/i/, Jiih, U»I0 

— , 1, J’ Maiitim, and U IhMatth Foinung I’mjs rlic* of Wme, /«./ Kny 

Ct.rm . 34; I.'2 (l!H2/ 

- - aiiil A 1) With \lcnhol-(»hcer<»l l(?li<»of ( alif«*nun U inr* /o>fcf /,V«rrjrrA, 8 
(Vo n 2*^) 2's'i (l'»l3i 

and A J WiMiini .Maturil? Murlir-* with Cnlifomin f irnj?-* I llie |t?ni;ii'- 
Aciit llllioof Wllle (Jnjw*. I'rof .itn .*>oC Wort .SV? . 38; 37'* 3S7 

- nntl - MntontA Mijdi«ei wiih t'alifomi? II 7hr Titraiabl' 

Andili, jdl, aiol Orrame Snd C*»nleftt . /'ok Im .SV Wort .S. i 40.313 321 
(l'M3i 

no.l Color in < ahfornt? Wine- |V TJ.r Pn.lu. i*.r. ..f l*u,k W,ri.-. 

/.»./ //rirorrA. 6 tV" »' I 

An.l Coiii|».itP>» nnd tji-lit? of Mwt- nnd Wine- of ( nl>r»rfi>? 

Craj---. lUl.-nfylu,. IB rV, O. m *73 

Ansi IT r lire New Wine (Irvik Tlie |{K>it>RA of W Ilje t rrnie,i| nixl It* 

IV-rlie-l fll)l*rr1?lier WritrlD (VinllliC ( orp W(,lit|er < lllfortill I'lAlI 
\*II. C s Metal, m Woirrie*. /»d /«*; Cf.*- 27 1311 CiW 

A.«.-.,Ik >0 of 0-»,e,*| Acrie.|!tlir?I <l.efI 1 |.'- TeolalMr Metl,.-I. of 

ArnJ*..*,’ cal, «-«l. Wa.’xnition l» t lUI'i 
lUpo V r AO- unr! I M*«II • Ilandlejel, .}e. «».l rPt K,n,p.„t. 
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THE DISTILLING INDUSTRIES 


The distilling industries are those concerned with the production of 
distilled spirits, rum, whiskey, brandy, gin, and cordials and liqueurs. 

Production Statistics. — Tabic 40 shows the production of distilled 
spirits for the fiscal year 1940, ended June 30, 1040. 

Table 46 — Production op Distilled Spirits, nr Kinds and by Stater, Fiscal 
Year Zdl6« * 
tTax gallons) 


State 

Whiskey 

Hum 

Gta 

Brandy 


Total 

Arkansas 




770 


770 

California 

370.607 


313.761 

33,145,469 

1,520,191 

35,359,035 

Colorado 

3e.4IC 






Conneetiout 

46 821 


1.637 

3.746 

52.502 






472. 159 




172.971 



37,322 

105,164 







622,306 

622,306 


IS.969.&88 


3.025.709 


19,311.498 

38.306,795 


J3,740.7H 


1.448,321 


20,462,347 



292.686 




15.471 


Kentucky 

63.439.394 

1,141.301 

I99.92C 


20.436.377 




66.535 









8.354 


8 554 

Maryland 

9,815,294 


1,138.831 

■■ 

12,168.851 



1.796.681 











7 152,933 


Minnesota 

1.508 




18 737 


Missouri 

1,238 688 


42.04S 


560.821 


New Hampsbire 

451,209 


8.844 



1.213,277 





140,062 






1.081.943 

51 732 

4.943.095 

6.976,/'^ 

Ohio 

1,235 169 



CO, 142 

7.016.159 






223.340 



Penruylianm 

35.340 916 

316.541 

236.159 

13,918 

13,214.747 








aw. 547 

Tenriessee 

Vermont 

Vircinis 

tir 591 
21,317 
1,085,653 



13.810 

30.267 

IS. 881 
379.125 

322.079 

400,442 

1.437.990 

WashmRtott 

Wisconsin 

109 936 



213,091 

223.142 

333.078 

Total 

147.464 516 

2.657.580* 

7.497.402 

34 416.385t 

ita 030.7541 
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An examination of this table sliows that Kentucky, Pennsylvania, 
Illinois, Indiana, and Maryland led the country m the production of 
whiskey (in the order named), while mm was produced principally m 
Kentucky and ^lassachusetts. 

Illinois led the United States in the production of gm, with Indiana, 
Maryland, and New York following in the ordei named 

California was outstandingly the leader in brandy manufacture, 
while Indiana led in the production of other spirits 

RUM 

“Rum" IS any alcoholic distillate from the fermented juice of sugarcane, 
sugarcane sirup, sugarcane molasses, or other sugarcane by-products distilled at 
less than IDO” proof (whether or not such proof is further reduced prior to bottling 
to not less than SO" proof) m such manner that the distillate possesses the taste, 
aroma, and characteristics generally attributed to nun, and includes mixtures 
solely of such distillates.* 

Rum is manufactured m general in those countries which grow sugar- 
cane or import molasses or other sugarcane products. It is made prin- 
cipally in the United States, Puerto flico, Cuba, Jamaica, St Thomas and 
St Croix (Virgin Islands of the United States), British Virgin Islands, 
Demcrara, Barbados, Uruguay, Martinique, Tnmdad, Haiti, Santo 
Domingo, the Leeward Islands, Guadelupc, Mexico, Grenada, and 
Antigua 

Composition. — Table 47 gives analyses of some rums from different 
sources 

Acids (volatile and nonvolatile), esters, fusel oil, and aldehydes are 
regular constituents of rum. Ethyl acetate is the mo's! common ester 
produced, while both acetaldehyde and furfural (C«HsO CHO) are 
always found, m traces at least, in rum. 

Types. — Rums made in the United States, with certain exceptions, 
may be classified as heaxy-bodied rums.* They contain only the con- 
gcncrics (acids, esters, etc.) that arc accumulated during distillation and 
aping in charred white oak barrels. Most of the rums are distilled at a 
proof less than ICO" and aged for several j’cars They contain no coloring 
matter added by the distillers 

Rums produced outside the United States, with exception'!, vary 
from verj' light bodied to very heavy bodied Cuba produces some of 
lightest bothed rums, while Jamaica manufactures the heaviest bodied 
rums outside the United States. Substances are frequently added to 

* Dept, of the US. Treasury, Federal Alcohol Admmistmtion, nepjiations 5, 
Mar 1, 1039 

• Vawer, P-, Foreign and Domcslie Rum, Ind En^ CAem , 29: OSS (1937J. 
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Uni.E 47 .--a.vai.t«».h oi Soi.i 

(f.raini pt-r IQQ liters not caiciilntf,) 
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MaMifhijartt*, nr» 
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I Deiaeran 


*.r.y varn . z»i tlU 37 }. 

^fing about tlic desired clmractcristics, one of these sub- 

additioVrWct^rr' *^>'^^6 

bod^d^rum^ Si'cs the .-inalj^es of some light-, medium^, and heavy- 


r uc ion of Rum. Fermentation. — The process for the manufacfiirc 
nr 'j s^inihir in many respects to that in MJiich industrial alcohol is 
hir? 1^^*^ ^ Methods fop the propagation of pure cultures of yeast, the 

f \h starter , the reaction of the main mash, the concentration 

o 0 ermentable sugar, the temperature of the fermentation, and even 
e pnncipa end products are similar. Some rums (.Jamaica) .are made 
by spontaneous feimontation, however. 

n the manufacture of rum, the careful selection of the raw material-', 
r^f f^finentation, proper distillation, and the aging of the 

IS 1 e product are essential for the production of a fine rum. 
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Stratn.s of SaccUaromyccs ccrcvmae or of other yeast«, buch ns species 
of Schizosaccharomycd^, may be utwl to pitch (inoculate) the mash. 
Great care must be e-xcrcifiCfl to maintain the selected yea.st in pure 
culture, jf the fermentation is to Ik; siicee.ssfnl. 

As already indicated, rum m prepared from supar-enne product.^ In 
the United Statc.s only hlaekstmp molasses is in nim manufacture. 
Tins suhstanre can be purchoseil at relatively low cost when procured 
in large quantities, ll i.s n product of the supar mill after the ciy'.stalliz- 
ablo supar has been rcmoverl, and usually contains -10 to 65 per cent of 
fcnneirtablo supar. 


l\nir IS - ANAi.Ysrfl n» Lioiit-, am> IlE.vvv»nnfin:o Riaf«' 
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« Courtesy of Dr Walter C Tobie i,v»u. .^.t coekteil*. 

• Typical of a very lijht-flflvofed CulMn niin, aueb aj i* frequently ueed for lu* 

* AUbough the color Ik dark, the flavor of thu rum iabitht. 

♦ An early aample (about 1934) for ahipment l« the United State*. 

• Thu u one of the heaviest Cuban rum*. The flavor la relatively neb and Iruity. 

» A typical Jamaica rum for asle m the Vnlted Bute*. The flavor u b'K eiceasiv***’ 

. Bulk u.d M h.v, t.™ I. JM»I» l.r th. Ir.d-- N"'* •“ 

bittb ester value. 
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A concentration of molasses Uu\t contains fr\Mn 12 to 1 1 I'or rout of 
fermentable sugars may be use<l in preparing the main mashos. Amu\o- 
nium sulphate, and occasionally ph(te'pUatt*s, may be adiUnl as a souna' 
of food for the yeast. Duuder, » c., distillation slops ohioli may bo 
decomposed, may be used to give the lum a heavier llavor and to M»ppl\ 
nutrient material. 

Sulphuric acid is used to adjust the pH of (he mash to l.d (o >1.7, (he 
latter pH favoring a rapid fermentation and tlie proiUietion of a light* 
flavored rum. The use of lower pU values favors slower fennenlatmns 
and the production of hcavy-hwhetl rums, sueh as the .lamaiea type 
It is usually neccssarj* to .add acid to the mash, unless it has l)een lieat 
sterilized, to inhihit the development of undesirable baeteiia. 

The fermentation tanks must l»e clcamHl carefully after being useil 
if a clean fermentation and Ught-bodied rum aie desiretl. Steam, 
sulphuric acid, ammonium bifluoride, or other nKents may be used to 
prevent the development of uudosirablo flora in the tank. 

A fermentation temperature of about "O*!'. (initial) to ((Inal) 
IS satisfactory. Low temperatures favor a slow fcrnientalion, while at 
high temperatures volatile constituents arc lost. 

Although the main fermentation is nearly eoinjilele wllliin 2 days, 
the maslies are permitted to ferment for 3 to 7 ilays liefom hi'lng djsliileil. 
A 6-day or 144*hr. fermentation jiericsl is used in at least one niodeni 
distillery in this country 

The fermented mash is homotimes dosignatial an "beer " 

Distillation — Distillation is an imporlunt process in the piodiielinn of 
mm Mushes that arc dislilleil at high pnsif prislma' light*lluvoi eil nuns, 
which are expected to be consiimwl shortly. Only sinnl) elianges bilo' 
place in such products during storage, h»r tlio nuns contain hut sninll 
quantities of acids, esters, fusel oil, ami other eoiiKeneiie suhstntieert. 
As stated earlier, most nims in this country urn distilled at a proof of 
less than 160". 

Various types of dHtilhilion rijujpinenl nr<* used; pot si ills, eoiitinnous- 
type stills with combined rectifying columns, la-er sfills with ilonlilers, 
chambered stills, and other mochlications 

In the United Stales, mm distilled at a low proof is usually ailjuslerl 
to 100" proof before Ixang aged 

Aging . — Aging is a process for improving tin- I'liaraeier of nini, for 
decreasing the undesirable flavom, and for greatly iin'rea»ing the plea-not 
ones. Flavor, color, and aroma nre develop<-d, wlole the prfHluet U 
mellowed. During the first G months of the pHsess. lb'- rtmiii ifn'rno’jM 
in esters, acids, solids, and color lake plaee. In a fre;'li|y dis(il!i-ri rorn, 
the quantitj' of enters usually oxeeodH th**' f the n« ids, but tifl* r fUirnv 
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for less than 0 months the ratio changes. Indeed, the acid content is 
usually greater than the ester content after two years,* owing largely to 
the acidic products e.\tracted from the wood of the barrel. 

Rum is usually aged in charred white oak barrels, although some is 
aged in plain cooperage. The aging is permitted to proceed for a few 
months or for several years (in Government bonded warehouses in the 
United States). 

Some rum is “quick-aged” by placing charred white oak chips in 
the rum before it is stored. Quick-aging may also be accomplished by 
circulating the nim over oak chips, llcat and aeration are sometimes 
used. Quick-aging processes arc not particularly satisfactory, however. 

Government Supervision. — ^Thc manufacture of rum in the United 
States and its possessions is carried out under Government supervision. 
The quantity of raw material used ami rum produced arc carefully 
measured. The Rurcau of Internal Revenue is interested in taxes, and 
the Federal Alcohol Administration in the promulgation of regulations 
concerning standards for identification, such as labeling and advertising 

Labeling. — According to the Federal Alcohol Administration Divi- 
sion,* a bottled rum should contain the following information on the 
label: the class and typo, the alcoholic content, the net contents, and the 
presence of “artificial or excessive coloring or flavoring ” A statement 
concerning the age of the rum may also lie placed on the label, if desired 

Uses. — Rum may be used in the preparation of ice cream, candies, 
and mincemeat ; in the cu ring of tobacco; as a beverage ; and as a mcdicina . 

Definitions and Regulations. — '‘New England rum” is rum that is produced 
in the United States, is distilled at less tlmn 160® proof and is a straight rum an 
not a mixture of rums.* . 

Puerto Rico, Cuba, Demerara, B.arbados, St. Croix, St. Thomas, irgin 
Islands, Jamaica, Martinique, Trinidad, Haiti, and San Domingo rum are no 
distinctive types of rum. Such names are not generic but retain their 
significance They may not be applied to rum produced in any other p ace • 
the particular region indicated in the name, and may not be used as a 
of a product as rum, unless such product is rum as defined [see . 

Imitation rum — (1) neutral spirits or other distilled spirits whic 
added thereto or wliich contain sjmthetic or imitation rum flavoring ma ^ 
and (2) rum which has added thereto neutral spirits or other distil c spin s 
rum are “imitation rum” and shall be so designated 

> Valaeb. loc. at. . „ lotmns 5 

»U.S. Dopt of the Treasurj', Federal Alcohol Administration, Kegniat 
Mar. 1, 1939 

* Ibid. 
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WHISKEY 

According to Article II, Section 21, Cla^ 2 of the Federal Alcohol 
Administration Act, Regulations 5,* 

“Wliisky” is an alcohol distillate from a fermented mash of gram distilled 
at less than 190* proof in such manner that the distillate possesses the taste, 
aroma, and characteristics generally attributed to whisky, and withdrawn from 
the cistern room of the distillery at not more than 110° proof and not less than 
80° proof, whether or not such proof is further reduced prior to bottling to not 
less than 80° proof, and also includes mixtures of the foregoing distillates for 
which no specific standards of identity are prescribed herein . 

Types. — There are several types of whiskey. Standards for the iden- 
tity of American types and some others arc stated kter m this chapter 

Composition of Whiskies. — Whiskies contain approximately 50 per 
cent by volume ethyl alcohol The flavor and bouquet are due mainly 
to the impurities or congeneric substances that they contain, however. 
These accumulate during the production and storage of the whiskey. 

In whiskey are found acids, esters, aldehydes, furfural, fusel oil, and 
solids, in addition to ethyl alcohol and w'ater. The principal acids are 
acetic and valeric acids,* but traces of propionic and other acids are 
found also The combination of ethyl alcohol with these acids yields 
ethyl acetate, ethyl valerate, and ethyl propionate, respectively, while 
the amyl alcohols present in the fusel oil form amyl acetate, amyl valerate, 
and other esters. Aldehydes include acetaldehyde and tho«!e resulting 
from the oxidation of small amounts of some of the higher alcohols during 
aging Fusel oil is composed mainly of higher alcohols. 

In Table 49 arc given the average analyses for 31 different samples 
(barrels) of whiskey, of which 14 were rye whiskey, 13 being prepared by 
the sweet-mash and 1 by the sour-mash method, and of which 17 were 
bourbon whiskey, 13 being prepared by the sour-mash and 4 by the sweet- 
mash method. The average data for the rj'c and bourbon whiskies are 
also given. The effect of aging on the quantities of the various com- 
ponents of whiskey is illustrated The results arc expressed in grams 
per 100 liters, calculated to the original volume of the whiskey The 
acids arc calculated as acetic acid, the esters and aldehydes as acetic, 
the fusel oil as am}’! alcohol 

Production of Whiskey. — The flavor, aroma, and characteristics of 
the final product depend on the nature of the raw materials and the fer- 
mentation, the mctJioil of distillation, and the aging process 

^Ihtd 

* Woodman, A. G . " Fomt An.'itjsw," 4th c<l , McGraw-Hill Book (kjmi>'»n%, Inc . 
1011. 
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for le&s tlian 0 montlia liic ratio changes. Indeed, the acid content is 
usually greater than the ester content after tsvo years, ‘ ou'ing largely fo 
the acidic products extracted from the wood of the barrel. 

Rum is usually aged in charred white oak barrels, although some is 
aged m plain cooperage. The aging is permitted to proceed for a few 
months or for several years (in Government bonded warehouses in the 
United States). 

Some rum is “quick«aged” by placing charred white oak chips in 
the rum before it is stored. Quick-aging may also be accomplished by 
circulating the rum over o:jk chips. Heat and aeration are sometimes 
used Quick-aging processes arc not particularly satisfactory’, however. 

Government Supervision. — ^The m.ann/acturc of rum in the United 
States and its possessions is carried out under Government supervision. 
The quantity of rau’ material iiscrl and rum produced are carefully 
measured. The Bureau of rntcmal Rcv’onuo is interested in taxes, and 
the Federal Alcohol Administration in tl>c promulgation of regulations 
concerning standards for identification, such as labeling and advertising. 

Labeling. — According to the Federal Alcohol Administration Divi- 
sion,* a bottled rum should contain the following information 
label, the class and type, tlic alcoholic content, the not contents, and the 
presence of “artificial or excessive coloring or flavoring.” A statemen 
concerning the age of the rum may' akso bo pkaced on the label, if ciesirc 

Uses. — Rum may be used in tJic preparation of ifc cream, 

and mincemeat; in the curing of tobacco; as a beverage; and asamedicma . 

Definitions and Regulations. — “Xcw England rum" is rum that is produced 
in the United States, is dwtilled at less than lOO” proof and is a straig it rum a 
not a mixture of rums ’ 

Puerto Rico, Cuba, Deraerara, Barlwdos, St. Croix, St. T omas, 
Islands, Jamaica^ Martinique, Trinidad, Ifaiti, and San Domingo rum a 
distinctive types of rum. Such names are not generic but retain their 
significance. They may not be applied to rum produced in any ot 
the particular region indicated in the name, and may not be used as a w 
of a product as rum, unlo«s such piorluct is rum as defined [see 

Imitation rum — (1) neutral spirits or other distilled spirits w ic , 
added thereto or which contain synthetic or imitation rum flax jJjjjp 

and (2) rum which has added thereto neutral spirits or other disti e 
rum are “imitation rum” and shall be so designated. 

1 Valaeb. loc cil. jj OT.iations 5, 

*U.S. Dept of the Treasurv, Federal Alcohol Administra ion, 

Mar. 1, 1939 

* Ibid. 
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WHISKEY 

According to Article II, Section 21, Class 2 of the Federal Alcohol 
Administration Act, Regulations 5,^ 

“Whisky” is an alcohol distillate from a fermented mash of gram distilled 
at less than 190° proof in such manner that the distillate possesses the taste, 
aroma, and characteristics generally attributed to whiskj’, and iMthdrawn from 
the cistern room of the distillery at not more than 1 10° proof and not less than 
80° proof, whether or not such proof is further reduced prior to bottling to not 
less than 80° proof; and also includes mixtures of the foregoing distillates for 
which no specific standards of identity are prescribed herein. . 

Types. — There arc several types of w-hiskey Standards for the iden- 
tity of American types and some others are stated later in this chapter. 

Composition of Whiskies. — Whiskies contain approximately 50 per 
cent by volume ethyl alcohol The flavor and bouquet are due mainly 
to the impurities or congeneric substances that they contain, however 
These accumulate during the production and storage of the vhiskcy. 

In whiskey arc found acids, esters, aldehydes, furfural, fusel oil, and 
solids, in addition to etliyl alcohol and water. The principal acids are 
acetic and valeric acids,* but traces of propionic and other acids are 
found also The combination of ethyl alcohol with these acids yields 
ethyl acetate, ethyl valerate, and ethyl propionate, respectively, while 
the amyl alcohols present m the fusel oil form amyl acetate, amyl valerate, 
and other esters Aldehydes include acetaldehyde and tho=e resulting 
from the oxidation of small amounts of some of the higher alcohols during 
aging. Fusel oil is composwi mainly of higher alcohols 

In Tabic 49 are given the average analyses for 31 different samples 
(barrels) of whiskey, of which 14 were rye whiskey, 13 being prepared by 
the sweet^mash and 1 by the sour-mash method, and of which 17 were 
bourbon whiskey, 13 being prepared by the sour-ma.sh and 4 by the sweet- 
mash method The average data for the rye and bourbon whiskies are 
also given. The effect of aging on the quantities of the various com- 
ponents of whiskey is illustrated The results arc e\prcs«.ed m grams 
per 100 liters, calculated to the original volume of tijc uln.skcy. Tiio 
acids arc calculated as acetic acid, the esters and aldehydes as acetic, 
the fusel oil ns amyl alcohol 

Production of Whiskey. — The flavor, aroma, and characteristics of 
the final product depend on the nature of the niw materials and the fer- 
mentation, the metliod of distillation, and the aging process. 

>/«>»/ 

• \Vooi>\KV, \. G , " Fooil Anab'sw," 4th oil , McGraw-Hill Hook Companj , Inr , 

ion 
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I. Uaw Malcrials.— Grains are the raw materials from which whiskies 
arc produced, the usual ones being rye, corn, wheat, and barley. 

In the United States, rj'e and bourbon are tlie principal types of 
whiskey manufactured. Rye whiskey is generally prepared from lye and 
r>’o malt or from r^'e and barley malt. A typical mash may contain 
80 per cent rye and 20 per cent barley malt. At least 51 per cent rye is 


Taulb -19. — Avcraob Analyses op So%fB Whiskies’ 
(Grams per 100 liters calculated to original volume) 


Age, 

years 

lype 

Color 

Solids 

Acids 



Furfura 

Fusel 

oil 


Whole 


20 0 

6.4 

15.0 

4.03 

0.71 

96.8 

New 

Rye 


13 6 

4.7 

13.7 

4 91 

0.97 

83.2 


Bourbon 


26.0 

7.7 

17.2 

3. 26 

0.44 

10S.6 

■1 

IVhoIo 

7,3 

101 5 

37 8 



1.5 

106 2 

n 

Rye 

8 4 

114 0 

41 8 



1.7 

106.8 

H 

Bourbon 

0.4 

90.1 

34 4 



1 5 

105 8 

H 

^Tiole 

8 C 

124 2 

46.1 

42 9 

8.34 

1.7 

108.1 

Q 

Rye 

10 0 

133 C 

49 8 

49 3 

9.02 

1.9 

109.7 

■ 

Bourbon 

0 7 

114 8 

42.7 

37.3 

7.78 

1.4 

107.3 


^Tiole 

10 2 

140 2 

51.1 

48.4 

9 47 

1.8 

106.3 

3 

Rye 

11 5 

150 4 

54 4 

54.3 

9.80 

2 2 



Bourbon 

8 8 

130 7 

47 8 

42.5 

9 15 

. 

1.5 

107 3 


Whole 

10 2 

140 4 

51 6 

50 9 

10 2 

1.9 

104 3 

4 

Rye 

11 6 

153 1 

54 2 

57.2 

11.2 

2.2 



Bourbon 

8 9 

127 7 

48.9 

45 0 

9.3 

1.5 



Whole 

11 1 

149 2 

52.2 

51 1 

10 2 

1 9 


5 

Rye 

12 2 

15S 8 

54 8 

67 5 

n 3 

2 6 



Bourbon 

10 0 

140 2 

49 8 

45.0 

9.2 

I 5 



Whole 

11 1 

151 4 

53 2 

SO 7 

10 2 

1 9 

104.7 

6 

Rye 

12 3 

161.0 

54 8 

55.5 

11 3 

2 4 



Bourbon 

10 1 

142 5 

51.8 

45.2 

9 1 

1 4 



AVTioIe 

11 1 

154 0 

52.2 

51.1 

9 8 

1 8 

99.9 

7 

Rye 

12 0 

161 3 

51 9 

56 6 

10 6 




Bourbon 

10 2 

147 1 

52 4 

46.4 

9.0 




Whole 

10 6 

155 2 

53 1 

50 9 

9 G 

1.8 

93.0 

8 

Rye 

11 1 

103 8 

52 6 

50 7 

10 0 




Bourbon 

10 0 

147 7 1 

53 6 

45.9 

8 8 




I Crampton, C a , »nd L M Toi,»i*w, Jour. Am. Cirm. S»e . SO: S8 (1008). 
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required by law. Bourbon, on the other hand, is prepared from com 
(maize or Indian), barley malt or wheat malt, and usually another grain. 
A typical mash may contain, for axamplo, 70 per cent com, 15 per cent 
lye and 15 per cent malt, or 05 per cent corn, 23 per cent rye and 12 per 
cent malt. The mash must always contain at least 51 per cent com 
(see the standards of identity for whiskey given in this section). 

The preparation of a mash for whiskey is similar in fundamental 
details to the preparation of a mash in the breinng industry, except 
that the solids are not removed (Chap. VI) The enzjTnes of the malt 
convert the starches of the cooked grains to dextrms and sugars. At 
the same time, the protein molecules are degraded sufficiently to furnish 
the yeast with a satisfactory source of nitrogen. 

2. Fermentation . — The resultant mash is fermented by a strain of 
distiller’s yeast, Saceharomyccs cerevtsiae, by cither the sweet- or sour- 
mash method. In the former method, which is commonly used, the mash 
is inoculated directly with the yeast. Less time is required for this 
fermentation, generally, and a higher >*icld of alcohol is obtained than 
from fermented sour mashes In the latter method the spent slops and 
barm (yeast) from tanks previously set and fermented are mixed with 
the mash before fermentation. 

Bacteria play a part in the production of esters m whiskey manu- 
facture, the temperatures attained during fermentation favoring their 
growth. Not infrequently the distiller may grow his selected culture 
of yeast in a medium containing lactic acid bacteria, the lactic acid favor- 
ing the growth of yeast, inhibiting certain undcMrable types of micro- 
organisms, and contributing to the aroma, flavor, and dmracterisiics of 
the whWkey. 

3. Distillation . — Both the l>T>c of still and the mcthml of distiUnliou 
are important, for they contribute to the quality of the product '1 he 
continuous still, with doubler, and the tlireo-chamljcred still, with dou- 
bler, are two commonly used stills. 

•1. vl^itij; — Dunng the process of aging, definite changes take place 
in certain of the congeneric sulistances of whiskey as the re-uU of vtoniig 
it in oak containers. ThO'.c changes have boon m\e’«tigate4i in great 
detail by Crampton and Tolnian (190S) and by \alaer and I-raner 
(1930). 

"Age” for "American tyjw whiskeys, other than com whr>key, 
Ktraight com whiskey, blciulcil com wlnvkey, and blcmls of straight com 
whiskey, proilucctl on or after July 1, 193f*, means the penotf during 
which the whiskey has liccn kept in chantHl new luk containers 

‘ U.S of tl.r Trc.ssurv, r.*.l!-ni| Alroliol Ai!m»m*trati<.n, ItfiriiLitions 5, « 

amsmlnl to Mnr t. 10.19 
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Whiskey is stored in heated or unheated warehouses /or aging, heat 
causing greater extraction of substances from the wood of the container. 

chanop:s during aging. — During aging in white oak barrels, changes 
take place in the solids, esters, acids, fusel oil, aldeh 5 'des, furfural, and 
color, the largest increase in solids, estere, acids, and color occurring 
during the first half year of storage- • 

The solids of whiskey, known also as extract, are deriv’cd from the 
wood of the container. During the first 6 months of storage, Valaer 
and Frazier found an average increase of about 70 g of solids per 100 
liters. The quantity of extract was progressively smaller during each 
succeeding G-month period, being apparently 4 g. per 100 liters during 
the period between the forty-secon<l and forty-eighth months of storage. 

Since there is verj' little change in the ester content of a whiskey during 
quick-aging, the determination of esters may be used as a dependable 
index of the ago of the whiskey. 

The acids of whiskey arc both volatile and fixed acids. The larger 
part of the increase in total acids during storage is due to volatile acids. 
Some fixed acids arc extracted from the wood of the container. 

Dunng storage in charred o.ak barrels, there is an actual Joss in the 
quantity of fusel oil, according to Valaer and Frazier. The fusel-oil 
determination gives information concerning the method of distillation 
and is, therefore, considered to be an important determination. 

There is an actual loss of aldehydes during storage. 

Some furfural is extracted from charred oak barrels during the first 
G months of storage, but very little appears later. Uncharred barrels 
do not contribute furfural. 

QUICK-AGING. — The proccss of quick-aging of whiskey is used exten- 
sively, especially for whiskies that arc to be marketed shortly after 
manufacture. Quick-aging produces but little change in the ester con- 
tent and no effect on the fusel oil. It increases the aldehydes on y 
slightly. Solids, acids (mainly the nonvolatile ones), furfural, an 
color arc increased Color depth is readily varied by means of t is 
process. The following table illustrates the effect of quick-aging on a 
whiskey , 

Heat, charred or uncharred wood chips, and charred barrels are urc 
in some of the quick-aging processes. 

CHANGES IN Gt-Ass —Although extensive changes do not usually occ 
in whiskies stored in glass containers, exidence indicates that 
be a slight decrease in acids in the case of some whiskies, especia > o 
which are not new. t'^alaer and Frazier suggest that this reduc lon 
acidity may be due to the alkali dissoU’ed from the glass, to the e»ta is 
* VAiiAEn, P , and W H Frazier, Ind £ng , 28 : 92 (1936). 
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Table 50 — Difierenoe in S^me TTihskt with and wuholt Quick-^oino* 



Grams per 100 liters calcu- 
lated to proof 

Quick-aged 

Not quick-aged 

Total acids . . 1 

11 9 

i 5 0 

Esters... 1 

14 3 

' 15 6 

Fusel oil. 

[ 124 3 

127 a 

Solids., 

1 33 G 

11 2 

Color 

; 3 5 

0 0 

Furfural 

1 ^ ^ 

0 0 


I V*i.a«;a, P . »n<l W. n. Fst^rten. fi»rf Bna Cktm 34. 9^ 

mcnt of a change in equihbrmro, or to an oxidation change Esters tend 
to increase as does the color, while furfural is reduced in quantity. 

Bedeial Conlioi.— The jnanufatVurc of whiskey is earned out under 
Government supervision from the weighing of the gram to the sale of the 
whiskey. The Bureau of Internal Revenue and the Federal Alcohol 
Administration Division are much interested in the control of the u hiskey 
production. For details in connection with importing, bottling, labeling, 
and advertising, the reader is referred to the publications of the latter 
division, some of which are listed in the references given at the end of this 
section 

Standards of Identity. — Standards of identity for different types of 
w'hiskies, under the provisions of the Federal Alcohol Administration 
Act, are as follow’s ("American type" whiskies being specified in sub- 
section (a) through (3)). 

(a) "Uye whiskey," "bourbon whiskey," "wheat whiskey," “malt whiskey," 
or "rye malt whiskey” is whiskey which has been distilled at not execcding 160'^ 
proof from a termewted mash of not less than 51% O’e grain, corn Rrain, wlic.it 
Rrain, malted barley gram or malted rye grain, respectively, and, if pro<iueed on 
or after March 1, 1938, stored in charred new oak containers, and also includes 
mixtures of such whiskeys where the mixture consists exclusively of whiskeys of 
the same type- "Corn whiskey" is whiskey which has been distilled at not 
exceeding 100 '’ proof from a fermented mash of not less than 80 % corn gram, 
stored in uncharred oak containers or rcuswl charred oak containers, and not 
subjected, in the process of dislillalion or otherwise, to treatment with cliiirrtxl 
wood, and also includes mixtures of such whiskey 

(l>) “Straight whiskey" is an alcoholic distillate from a fermented m.asi) of 
gram distilled at not exceeding 160* proof and withdrawn from the ci'tmi room 
of the distillerj' .at not more than 110* and notices than SO'* proof, whether or not 
such proof IS further reduced prior to Imtlling to not Ic'-s than SO” proof, ami is 
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(1) Aged for not less than twelve calendar months if bottled on or after July 1, 
1936, and before July 1, 1937; or 

(2) Aged for not less than eighteen calendar months if bottled on or after 
July 1, 1937, and before July 1, 1938; or 

(3) Aged for not less than twenty-four calendar months if bottled on or after 
July 1, 1938. 

The term “straight whiskey” nLso includes mivtures of straight whiskey 
which, by reason of being bomogeneous, are not subject to the rectification tax 
under the Internal Revenue Laws. 

(c) “Straight rye whiskey” is straight whiskey distilled from a fermented 
mash of grain of which not leas than 51% is rj'e grain. 

(d) (1) “Straight bourbon whiskey” is straight w'hiskey distilled’ from a 
fermented mash of grain of which not less than 61 % is corn grain. 

(3) “Straight corn whiskey” is straight whiskey distilled from a fermented 
mash of gram of which not loss than 80% is corn grain, aged for the required 
period in uncharred oak containers or reused charred oak containers, and not 
subjected, m the process of distillation or othenvise, to treatment with charred 
wood. 

(c) “Straight wheat whiskey” is straight whiskey distilled from a fermented 
mash of grain of wliich not less than 51 % w wJicat grain. 

(/) “Straight malt whiskey” and “straight rye malt whiskey” are straight 
whi^oy distilled from a fermented mash of groin of which not less than 51% of 
the grain is malted barley or malted rye, respectively. 

(?) “Blended whiskey” (w-hiskey — a blend) is a mi-xture which contains at 
least 20% by volume of 100* proof straight whiskey and, separately or in com* 
bination, w hiakey or neutral spirits, if such mixture at the time of bottling is not 
less than 80® proof. 

(A) “Blended rye whiskey” (rye whiskey — a blend), “blended bourbon 
whiskey” (bourbon whiskey — a blend), “blended corn whiskey” (corn whiskey-— 
a blend), “blended wheat whiskey” (wheat whiskey — a blend), "blended ma t 
whiskey” (malt whiskey — a blend) or “blended rye malt whiskey" 
whiskey — a blend) is blended wliiskey which contains not less than 51^ ^ 
volume of straight rj'e whiskej', stiaight bourbon whiskey, straight com whis 'ey, 
straight w’heat whiskey, straight malt whiskey, or straight rye malt whis ey, 
respectively. .< n f 

(t) “A blend of straight whiskeys” (blended straight whiskeys), a o 

straight rj'e whiskeys” (blended straight rye whiskeys), “a blend o ® 
bourbon whiskeys” (blended atraight bourbon whiskeys), “a blend o s 
corn whiskeys” (blended straight corn whiskeys), “a blend of straig " ^ 
whiskeys” (blended straight wheat whiskeys), “a blend of straight ma w 
keys” (blended straight malt w'hiskeys), and “a blend of straight rye m 
whiskeys” (blended straight rye malt whiskeys) are mixtures of y ® 
whiskeys, straight rye whiskeys, straight bourbon whiskeys, straig t corn 

* U S Dept, of the Treasury, Federal Alcohol Administration, Amendment 
Ilcgulations 6 
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keys, straiRht ^\hcat whiskeys, straight malt whiskeys, or straight rj-e malt 
whiskeys, respectively. 

(j) “Spirit whiskey" is a mhture (1) of neutral spirits and not less than 5% 
by volume of whiskey, or (2) of neutral spirits and le«s than 20 Tr by \olume of 
straight whiskey, but not less than 5% by volume of straight whiskey, or of 
straight whiskey and whiskey, if the resulting product at the time of bottling be 
not less than 80® proof 

(k) “Scotch whiskey” la a distinctive product of Scotland, manufactured m 
Scotland in compliance with the laws of Great Bntam regulating the manufacture 
of Scotch whiskey for consumption in Great Untain, and containing no distilled 
spirits less than three years old: Provided, That if in fact such product as so 
manufactured is a mixture of distilled spirits, such mixture is “blended Scotch 
whiskey" (Scotch whiskey — a blend). “Scotch whiskey" shall not be designated 
as “straight." 

(0 “Irish whiskey” is a distinctive product of Ireland, manufactured cither 
in the Irish Free State or in Northern Ireland, in compliance with the laws of 
those respective territories regulating the manufacture of In«h whiskey for eon« 
sumption in such territories, and containing no distilled spirits less than throe 
years old: /’roi-idrd, That if in fact such product as so manufactured is a mixture 
of distilled spirits, such wlu«key is “blcndwl Irish whiskey” (Irish whiskey — a 
blend). “Irish whiskey" shall not ho designated os “straight." 

(m) “Canadian whiskey" is a distinctive product of Canada, manufactured 
in Canada in compliance with the laws of the Dominion of Canada regulating 
the manufacture of whiskey for consumption m Canada, and containing no 
distilled spirits less than two years old Frofidcd, Tliat if in fact such product as 
Ml manufactured is a mixture of <li«tilled spirits, such \\hi«kcy is “blended 
Canadian whi«kcy” (Canadian whiskey— a blend). “Canadian whiskey” shall 
not lie designated as “straight.” 

(n) “Blended Scotch tj^ic wlmkcy” (Scotch t 3 "pe whiskey — a Mend) is a 
mixture made outside Great Britain and composwl of — 

(l) Not lc<s than 20% by volume of 100® proof malt whi«kcy or whiskeys 
•listiUeU in i>ot stills at not more than IGO® proof, fromafcnncntetl mash of malte*! 
barley driwl over iwat fire, whether or not such proof is subsequently rc<luce<l 
prior to iKittling to not less than 80* proof, and 

(2) Not more than 80% by volume of neutral spirits, or whi>‘kcy di«tille<l at 
more than ISO* proof, whether or not such proof is euli«r<jucntly rtshiceii prior to 
Ixittling to not lcs.s than SO® proof. 

(o) " Bloniled lri<h tjqw whiskey” (ln«li tj^pc whiskey — a blend) ls a pnxlurt 
made outside Great Britain or the InsJi Free State nml compose*! of — 

(1) A mixture of distilletl sjnnts ilistiUed in pot stills at not more than 171* 
proof, from o fermentisl ina.*h of small cereal gnuii-s of which not less than fi0% 

Is drie*l inalte*! Iwrlev, and unmaltcil liirlcy, wheat, iwts, or rye grains, wiirthor 
or not such prtxif is sulowpicntly niliicetl prior to Miltlmg to not less th.in ‘fl® 
pnxif, or 

(2) A mixture con«i'ting of not li-s* than 20% hj \ohime of JOO* jiroof nwlt 
whiskey or whiskeys di-tiUe*! in pot stills at approxuiwtcly 171* proof, from a 



230 


I^'DUST!^UL MlCnODlOLOGY 


fermented mash of dried malted barley,nhether or not such proof issubsequently 
reduced prior to bottling to not less than SO^ proof; and 

(3) Not more than 80% by volume of neutral spirits, or whiskey distilled 
at more than 180® proof, whether or not such proof is subsequently reduced 
prior to bottling to not less than 80® proof. 

BRANDIES 

The following standards of identit 3 ' for brandies are quoted fiom 
Regulations 5 (Article 11, Sec. 21, Class 4) of the Federal Alcohol 
Administration.^ 

(а) “llrandy " is a diatiHato, or ,a mixture of distillates, obtained solely from 
the fermented juice or mash of fruit (1) distillcrl at less than 190° proof in such 
manner that the distillate possesses the taste, aroma, and characteristics generally 
attributed to brandy: and (2) bottled at not Jess than 80° proof; and shall also 
include such distillates, aged for a period of not less than fifty j^ears, and bottled 
at not less than 72° proof, in eases where the reduction in proof below SO® is due 
solely' to losses resulting from natural causes during the period of aging, 

(б) "Brandy,” without appropriate qualifying words, or "grape brandy," 
IS the distillate obtained from grape wine or wines under tlie conditions set forth 
m subsection (a) of this class, and includes mixtures solely of such distillates. 

(c) "Apple brandy” (apple jack), ‘‘peach brandy," "cherrj* brandy," 
"apricot brandy," "orange brandy," "raisin brandy," and other fruit brandies 
are distillates obtained from the fermented juice or mash of the respective fresh 
or dried or otherwise treated fruits under the conditions set forth in subsection 
(o) of this clas.s, and include mixtures composed wholly of one kind of such 
distillates. The designation shall contain the name of thefruit used, and, if other 
than whole fresh fruit is used, the word "dried” or such other tenn as may be 
appropriate. Brandy derived from laisins shall be designated as "raisin brandy. 

(d) "Cognac" or "Cognac brandy” is grape brandy distilled in the Cognac 
Begion of France, which is cntitied to be designated as “Cognac" by the laws 
and regulations of the French Government; and includes mixtures of such bran j . 

Brandies usually contain dO to 50 per cent ethj’l alcohol by volume, 
but may sometimes contain as little as 36 per cent alcohol by volume 
(paragraph (a) above] 

A large amount of the wine manufactured in California (more t an 
one-half, according to Gorcsline),* is distilled to produce brandj’. Appro"^ 
imately 75 per cent of such brandy' is used to fortify wines. 

' U S Dept of the Treasury, Federal Alcohol Administration, Regulations 5, Af 
1 . 1939 ^ 

* Goresline, II E., Notes on Wine Manufacture m the United States, U ^ 

Aqr (mimeographed sheets), 1936. 
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GINS 

(а) "Distilled gm” is a distillate obtained by original distillation from 
mash, or by the redistillation of distilled spirits, over or i\ith juniper berries and 
other aromatics customarily used m the production of gin, and dermng its mam 
characteristic flavor from juniper berries and reduced at time of bottling to not 
less than 80® proof, and includes mixtures solely of such distillates. 

(б) “Compound gm” is the product obtained by mixing neutral spirits ivith 
distilled gin or gin essence or other flavoring materials customarily used in the 
production of gin, and deri\nng its mam characteristic flavor from juniper berries 
and reduced at time of bottling to not less than 80° proof, and includes mixtures 
of such products. 

(c) "Dry gm,” "London dry gin,” "Hollands gm,” "Geneva gin,” "Old 
Tom gm,” "Tom gin,” and "buchu gin” arc the t 5 'pes of gm knoivn under such 
designations, and shall be further designated as “distilled” or "compound,” ns 
the case may be.* 

As noted above, gmss contain at least 40 per cent ethyl alcohol by 
volume 

The basic flavoring of the best gms arc produced by jumper berries, 
coriander seed, fennel seed, sweet orange, and cassia bark * 

CORDIALS AND LIQUEURS 

(а) Cordials and liqueurs are products obtained by mixing or redistilling 
neutral spirits, brandy, gin, or other dislilleil spirits with or o\er fruit'*, flowers, 
])lant8, or pure juices therefrom, or other natural fl.avonng matenaU, or with 
extracts derived from lafuaions, pcrcol.ation*, or maceritUon o! stioh materials, 
and to which sugar or dextrose or both haxe been added in an amount not le«s 
than 2H% by weight of the finished product Synthetic or imitation flavoring 
materials shall not be included. 

(б) "Sloe gm” IS a cordial or liqueur with the m.am characteristic flavoring 
derived from sloe berries 

(r) Cordials and liqucura shafl not be dc'ign.itcd as ‘‘dt«tdlcd” or "com- 
pound ” 

(d) Diy cordials and dry liqueurs — The desiRnsition of a cordi.'il or liqueur 
in.ay include the word “(Irj'” if the addcil sugar and dextro-e arc Ic^s tlian lO'c 
bj’ weight of the fini«hc<l product * 

' I’ S Dcjit of tlic Trcftsurj, Fcilcral Aholiol Adinini^lration, Itcgiilalioiis 5, 
Art II. S,‘c 21. Cla^s 3, 1939 

*.\iorr, .\ I., Motlcrn Gm IViHlurtion, ,li« H'lnr l.i'/uor Jour., p -12, April, 
1931 

•US IVpt of ihc Trcfl-sur)’, Fcilcrnl Alcohol \dmiiii«lr»tioii, Kcgtilstioii-< .'i. 
Art II, See 21, ( It.* r.. 1039 
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media containing lactic acid, while contamination, e»-pecially with 
butyric acid organisms, is reduced. The presence of lactic acid in the 
yeast cake inhibits the development of bacteria. 

Aeration. — The proper aeration of the mash is of groat importance in 
the manufacture of bakers’ yeast. It is accomplished by passing air 
bubbles of suitable size tlirough the entire medium. 

Tlic surface are.a of a given volume of bubbles of air in a liquid 
increases (is tlio sizes of the bubbles become smaller. There is thus a 
larger contacting surface with small-sized bubble.*? than with large ones 
und a longer period of contact with the medium or wort. A smaller 
quantity of air is required when the bubbles used are of small size, but it 
costs more to produce verj' fine bubbles. Thvjs, the yeast manufacturer 
must select a desirable course, in which cfTiciency of aeration is high but 
not too costly. The bubbles used commercially varj' from 0.0001 to 1 in. . 
in diameter, according to de IJeczc and Liebman,* who have thoroughly 
(hscus.sed the subject of nemlwn 

,\ir is introduced near the bottom of the fermentation tank and the 
aeration network should lie of such nature that there is uniform distribu- 
tion of air over the entire cross section of the lank. 

The air requirements for a wide and shallow fermenter tank will be 
much different from those of a narrow, tall tank, for the longer a bubble 
of air IS in contact with the medium, the more e/Tective it is. Based on 
the yeast produced, a considerably larger amount of air is required for a 
small fermentor than for a largo one. 

de Beeze and Licbman reported (hat the correct evaluation of flir 
requirements must be based on information available concerning the 
hciglit of the wort at any time (obtained by reference to a chart or grap ), 
the concentration of yeast at any time (by graph) ; the yield of yeast, per 
unit of raw materia) (by graph); and the ratio of the amount of nei' >eas 

to seed yeast • r t er ' 

Air requirements are generally reported in terms of cubic fee p 
(1) gallon of wort, (2) square foot of wort or fermentor bottom su ac , 
(3) pound of yeast m 100 gal. of wort, (4) pound of yeast produced, I > 
ton of total molasses, or (0) bushel of grain mashed; or milhhters, i e , 
or cubic meters per unit volume of medium, etc. ♦ bes 

Aerators are of many tjTjes. Fore-vample, they maj'bep a es, 

candles, spargers, or false bottoms. They may be of tbe or 
type. They may be constructed of noncorrosivc metal, ceramic 
stances, hard or soft rubber, porous carbon, sintered glass, 
other substances For a reWew of this subject the reader is re err 
article by de Becze and Liebman. 

' PE Becze, G . and J LrEBMAW, Ind. Eng Chem , 36: 882 (1944) 
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Function oj Oxygen . — The exact function of oxygen m the growth of 
yeast is not known, ^'ery likely its action may be due to several factors, 
inhibition of fermentation and increase of respiration, agitation of the 
medium, removal of toxic end products, and stimulation of vegetative 
growth. 

pif. — The pH is generally adjusted to 4 4 to 4 6 Hon ever, slightly 
lower or slightly higher values may be used under certain conditions 

The pH IS maintained by one or more methods. One way is to check 
the pH every 30 min. or so and adjust by the addition of ammonia or 
sulphuric acid as indicated. Another way is to control automatically. 
Much may be done to control pH simply by using a suitable proportion of 
nutrients in the strong wort 

Temperature . — The temperature is generally started at 25 or 2C‘’C. 
It is usually held fairlj’ close to this level during the early part of the 
fermentation and gradually permitted to ri<!e to 30®C. towards the end of 
the fermentation. Cooling and heating coils arc an essential part of the 
fcrmenlation-tank equipment. 

Preserving the >Vas«.— The use of a low temperature is necessary for 
the storage of compressed yeast Molds and bacteria cause the cake to 
deteriorate rapidly at room temperature and autolysis is likely to take 
place. 

Various methods for improving the keeping qualities of yeasts have 
Ixien proposed. For example, it has been suggested' that washing the 
yeast for 1 hr. with a solution of ethyl, propyl, isopropyl, butyl, or amyl 
alcohol before pressing improves the keeping quality The use of 
colloids — pectin, ag.ar, gelatin, gum tragacanth, dextrin, algae extract — 
to remove the water from yea«5t, followed by dry-ing to a definite moisture 
Content at a temperature that will not injure the yeast, has also been 
proposed. 

Molasses-Ammonia Process. — In the molasses-ammonia proces-^, 
molasses (canc and sugar beet) is used as the source of carbon and 
mineral elements for the growth of the yeast, while the nitrogen is sup- 
plied by ammonia, or ammonium sulphate. 

The molas-«*8 mash is carefully prepared. If the molas.^es is deficient 
in phosphorus, ammonium or calcium phosphate is added Phophorus 
i's important m t!ie synthesis of micleoproteins by the yeast and m ImfTcr- 
ing the medium. It stimulates growth also. 

In order to produce a clear solution, the molas'-es wort is fiUert'd. 

The pH of the clear, Ingidy diluted mash is adjusted The wort is 
then inneiil.sted with a starter of yeast, which has las-n carefully pn-parcsl 
from a single coll of the wlecteil >Tast. 

' llntislj I’lilrnt ^0G,3<1S, 1031 
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During operation, several factoid must be carefully conti oiled. The 
most important of these aic the aeration, the pH, the concentration of 
the available sugar, and the temperature. 

The availability of a large supply of air stimulates the production of 
yeast cells. All the air used must be sterilized before passage through 
the mash 

The pH is maintained within a definite range, that most favorable 
for yeast growth (about 4.4), during the entire growth period by the addi- 
tion of sulphuric acid or ammonium hydrovidc. As the ammonia is used 
up, the mash tends to become more acid in reaction. The addition of 
ammonium hydro.vide not only neutralizes some of the acid but also 
supplies more ammonium salts for the nitrogenous needs of the growing 
yeast. 

During the process, measured portions of the molasses wort are added 
at specified time intervals in such quantities that the yeast produces but 
very little alcohol from the sugar. 

It is essential to control the temperature of the mash during the growth 
of the yeast This may be done by the use of cooling coils set on the 
inside of the covered vats, which usually have capacities for several 
thousand gallons. The optimum temperature for the growth of the 
yeast strain being used is maintained. 

At the end of the growing process, yeast is separated from the wort 
by the use of centrifugals (or by filtration). The yeast thus obtained 
18 washed repeatedlj’, until the wash water appears to be quite clear. 
It is then pressed. 

A small amount of flour (potato, tapioca, or cereal) may or may not 
be added to the yeast The flour absorbs some of the moisture from the 
yeast, increases the friability, and aids in molding the yeast into sma 
cakes. Much yeast for the baking industries is packaged without t e 
incorporation of starch. . 

A Procedure Employed in Germany. — -Bakers’ yeast U’os produc m 
one German plant by the following procedure'; Beet molasses is o 
SO^Bd and adjusted to pH 4.5. It is then sterilized by heating at 1 • 

for 1 hr. The solution is allowed to stand for 4 to 6 hr. 
time suspended soiids settle out and the temperature drops to 90 • 

filtered. Nutrients, in tlie form of UO kg. of ammonium sulpm e an 
250 kg. of superphosphate for each 7,000 kg. of yeast produced, are adu^ 
This mixture is held m storage tanks and later fed at a slow predeterim 
rate to the fermentation tank. . - 

The inoculum is prepared as follows: A strain of 5. ccrensiar, 
suitable for the type of molasses being used, is grown on a s an • 

' Balls, A K , Ft/ti Ftnal Report Ro 277, Oct 3, lO-t-* 
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culture is used to inoculate a 1-Iiter mash Tlie size of the inoculum i.s 
progressively increased by successive transfer through 50-, 200-, 1,000-, 
and 15,000-liter mashes Finally a 90,000-hter inoculum is prepared 
which IS used to inoculate six large fermentors of the type described below. 

Fermentation (propagation) tanks are constructed of steel and are of 
200,000-liter capacity. To start a fermentation, 20,000 liters of water are 
run into the tank. Sterilized, nutrient molasses is added to the water 
until the sugar content reaches 1.5 per cent The inoculum is then added 
and aeration commenced The feed of the sterile 30°B6 molasses is then 
adjusted so that the sugar concentration is kept at 1 5 per cent. The 
temperature is maintained at 25 to 30“C. The fermentation is over in 10 
to 11 hr. 

The aerating system consists of perforated copper tubes located at the 
bottom of the fermentor For each kilogram of yeast produced, 16 cu.m, 
of air are supplied. A supply of 4,000 cu.m, of air per hr. is necessary for 
7,000 kg. of molasses. Crude lanolin is used as an antifoam agent. 

The yeast is separated from the spent wort by means of Westphalia 
centrifuges. The cream so obtained is washed twice, cooled to 8 to 9®C., 
and pressed m a plato-and-frame press. The resultant cake contains 31 
per cent solids. It is diluted with water to 25 per cent solids before being 
packaged 

Yeast from Sulphite Liquor by the Heijkenskjbld Method.* — Sulphite 
liquor, mixed with a small quantity of molasses, serves as the source of 
raw material for the manufacture of yeast by the Heijkenskjold method. 

The first step m this process consists of adjusting the hot sulphite 
liquor to a pH of 6.0 to 6 5 with lime, powdered limestone, and sodium 
carbonate, while the liquor is being aerated in tanks After the neutrali- 
zation, the liquor is permitted to stand, in order that the precipitates 
may settle out The clear supernatant liquor is decanted from the tanks 
and cooled to 28 to 30°C. by passage through coolers and is then ready for 
use in the manufacture of yeast. 

The initial mash contains molasses mixed with sulphite liquor to yield 
a sugar concentration of 3 to 5 per cent. Malt sprouts may be added to 
this mash, if desired, to supply organic nitrogen and other nutrient 
substances. The mash is now inoculated with the seed yeast, a strain 
of Saccharomyces cerevistae (“Ras.'se 12” of the Garungsinstitut of Berlin 
is used in Finland and at the Best plant in Liverpool, Nova Scotia*). 

Sulphite liquor is fed into the mash after the yeast has commenced 
to develop new cells Ammonium sulphate and phosphates are added 
during the course of the process to furnish nutrient material and to main- 

' Kweson, E W.CAem /ndus/nes, 38: S73 (1936) 

*lh,d 
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tain tlic desired reaction. Tjirgc quantities of filtered air are supplied, 
the air removing tlie carbon dioxide and other gases formed besides 
carrying out other functions. Mter the propagation is complete, the 
ye.ast is washed repeatedly. Tlie final product is light in color, of high 
purity, and neutral in taste.* 

The sulphite liquor used in this proccs.s contains approximately 25 
kg. of sugar per 1,000 kg. of liquor, and of this amount about 10 kg. arc 
fermentable. The sugar concentration is thus verj-- low and would not 
favor the production of alcohol in large amounts. 

An average yield of IGO per cent is obtained on the basis of the fer- 
mentable sugar, yields varjdng from 40 to 55 lb. for each ton of waste 
sulphite liquor. 


: .^1 — CoMi’osiTio.ss oy Somk AfentA fou Ohowtii ok 
Oa»iN'-»onT MEPimi 

Com 2 kff* 

Malt .. 1.5 kg, 

Sprouts I 5 kg. 

Concentrated hydrochloric acid JO cc. 

Tap water, to make . 30 liters 

Mouasse'I'Salth Medium 


Beet molAs?c3 (crude) 

150 g. 

Calcium phosphate 

1 g 

Ammonium monohydrogen phosphate 

J e- 

Urea * 

2g 

Coneentmt«l siiiphuvc arid 

2 cc. 

Tap water, to make . - 

Glocose-salth Medium 

I liter 

Commercial glucose • 

70 g. 

Sodium chloride 

2 g 

Magnesium sulphate 

2 g. 

Calcium chloride. . 

0 4 g 


I'otassium pyrophosphate 
Ferric pjTophosphate 
Ammonium chloride 
Copper sulphate 
Urea (commercial) 

Tap water, to make . 


2 g. 

0 1 g. 

0 15 g. 
Trace 
2 4 g 
liter 


Pavcxs, r 1*, W. a. PxTZnaoif. aad C. A. rXvxitrEM, i"**- Chtm., 1 636 (103T). 


Some Media for Yeast Propagation and Their Preparation. Ta e 
presents the compositions of some media for the growi.h of yeast. ey 

are prepared as follows; . * . 4 t 

1. Grain-wort Medium . — TIic finely ground corn is autoclave a 
a pressure of 15 Ib per sq. in. for 0 5 hr. in the presence of about » meij 
of water At the same time the malt and sprouts arc mixed in ^ ^ , 
of water, 5 cc. of concentrated HCl is added, and the mixture is a o«e 
'Ibid 
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to so.v)c at 25°C. for 0 5 hr. Approximately onc-half of the cooked corn 
is added to this malt-sprouts mixture The temperature is then raised 
to 50°C. and maintained at this level for 0.5 hr. Next the rest of the 
corn plus an additional 5 cc. of concentrated IlCl are added, and the 
temperature is raised to G2"C. and kept constant until the iodine test 
for starch is negative. The mash is filtered through burlap bags, and the 
residue is washed once with warm water The combined filtrate is made 
up to 30 liters with water and autoclaved at a pressure of 15 lb. per sq. 
in. for 45 min. The resultant wort should contain 4,6 to 5 per cent of 
reducing sugar (as glucose) and have a pH of 4,4, 

2. ^^olasses-salts Medium — The molasses, calcium phosphate, and 
sulphuric acid are sterilized together after dissolving them in water. 
Sterilized urea and ammonium monohydrogen phosphate are added to 
the cooled solution, and the pH is adjusted to 4.4. 

3. Glucosc~$alts Medium . — Solutions of glucose, sodium chloride, mag- 
nesium sulphate, calcium chloride, and copper sulphate are autoclaved 
at a pressure of 15 lb. per sq. in. for 1 hr at a pH of 3.5. A sterilized 
solution of potassium and ferric pyrophosphates is added to the cooled 
main mash. If a precipitate forms it is dissolved by adding some steri- 
lized 40 per cent sulphuric acid. A sterilized solution of ammonium 
chloride and urea is added finally to the mam mash, and the pH is 
adjusted to 4.4 with sterilized 40 per cent sodium hydroxide (NaOH). 
Although the ratio of carbon to nitrogen in the preceding medium is 
25- 1, the ratio can be reduced by adding increasing quantities of ammo- 
nium chloride and urea 

Yields. — Paveek, Peterson, and Elvehjem have reported the following 
yields of dry yeast grown on the media indicated! 


Table 52 — Yielps or Dbt Yeast* from Various Mepia* 


Type oi yeast ^ 

Grain medium, 
per cent 

Molasses-salts 
medium, 
per cent 

Glucose-salts 
medium, 
per cent 

Bakers’ Yeast A ... ' 

24 3 

34 6 

18 0 

Bakers’ Yeast B 

42 5 

33 6 

34 3 

Brewers’ Yeast A I 

34 6 

42 7 ! 

29 0 

Brewers’ Yeast A (autoclavedi 




medium) 

32 2 



Sacckaromyces logos \ 

33 1 

28 0 

21 4 

Wtllia anomala 

21 4 

28 6 

11 4 

Endomyces vernalis | 

40 9 

33 6 

SO 5 


* Dry yea^t la based on glucose fermented 

> Fatcek P L.W H Peterson, and C A. UltseVkU, /nd Bng Chem.SO 802(1938) 
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Without aeration tiio yields were of low magnitude— approximately 
onc-tenth of those with aeration. 

Active Dry Yeast. — This is n dried bakers’ 3’eust. It is produced by 
the usual processes and dried to a moisture content of about 8 per cent. 
Such yeast may bo stored for several months without serious loss of its 
viability. Large quantitie.s were produced for use by the armed forces 



and other agencies during World War II: 7,000,000 lb. 
lb. in 11 months of the year 1945, and 4,000,000 lb. m \ t m 
Florylin Yeast.*— Tliis is a dried j-cast and is produced from 
press-yeast, occasionally produced uith higher aeration an 
yeast to encourage glycogen formation. o/^ i tn 1 5 

The press-yeast is put through a flaking machine , . g 

cm. deep m trays. It is dried by passing air at 30 to 3 • O' a 

for 3G to 48 hr. (or 28'’C. for 48 to 50 hr.) The moisture content of the 


1 Borofp, C. S , and J M. Van LanbN, /nd Cfim , 39: 934 (19^7). 
* a, K., Fiat FinoX Report No 277, October 3, 194o 
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product is 10 per cent. Four grams of the product has the same value as 
5 g. of fresh yeast. The product lasts for 8 to 12 months. 

Apparatus for Growing Yeast. — Figure 37 shows an apparatus suitable 
for growing yeast. 


FOOD AND FODDER YEASTS 

Food yeast is propagated primanly for human consumption as a food 
constituent. Fodder yeast is produced for animal feeding Both are 
produced under similar conditions, except for the raw materials used and 
the final treatment of the products 

Food yeast is a rich source of protein and vitamins of the B-complex 
In the dry state, it usually contains about 60 per cent of protein and when 
used m the proper proportions with other foods it makes a satisfactory 
and nutritious supplement to the diet of persons living under conditions 
where there may be a shortage of animal proteins or vitamins of the 
B-comple.x 

The manufacture of fodder yeast is of interest to those desiring to 
convert waste, surplus, or low-cost carbohydrate materials into products 
of value for feeding cattle, hogs, or other farm animals The utilization of 
waste sulphite liquors for fodder yeast production, for example, results in 
the extension of animal foods and at the same time aids in the alleviation 
of stream pollution. 

Food yeast was manufactured and used to some extent by the Ger- 
mans during World War I. Several thousand tons were produced and 
consumed in Germany during World War II,' the raw materials being 
sulphite liquor or wood hydrolysates. The Colonial Office of Great 
Britain undertook the construction of a large plant in Jamaica for 
producing food yeast early during the latter war * India is much inter- 
ested in this subject, as are other countries.* 

General Details of Production. — The following paragraphs contain 
information of a general nature concerning the production of food and 
fodder yeasts. 

Organisms Used. — The organisms most commonly employed for food 
or fodder yeast production is a strain of Torulopsis utihs However, 
other yeasts have been used commercially in Germany, such as Torula 
pulcherima, Momlia Candida, Candida arborca, mixed Tonda, and 
Oidtum lactis.* 

‘ Saeman, J. F., E G Locke, and G. K. Dicklrman, Fiat Ftnnl Report No. 499, 
Nov. 14, 1945 

* Colonial Food Yeast Ltd , Food Ycasl, May, 1944 

•Tikysen, a C , Food, p 110, May, 11M5 

’ Saeman, Locke, and Dickerman, toe. eiL 
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A number of other yeasts have been studied, including Mycolonila 
lipolytica, Hansenula anomala, H. sttaveolens, Caridida iropicalis, Tonilop- 
sis Candida, and Torula laclosa, 

Torulopsis utilis is particularly desirable on account of its high protein 
content, its vitamins of the B-compIex, and its ability to utilize hexoses, 
pentoses, acetic acid, and certain other constituents which may be found 
m the acid hydrolysates from wood or other cellulosic materials It 
normally produces but little alcohol. 

There are a number of strains of T. utilis. One, kno\vn as T. uhlis 
major, produces larger cells than the usual strains; while another strain, T. 
tdihs Ihermophila grows well at higher temperatures than most food yeasts. 

The biochemistry of T. utilis has been studied by Fink and Just. 
Their findings have been published in a series of articles appearing in 
Biochemischc Zettsidirifl.^ 

Studies concerning the metabolism of gronung T. utilis under aerobic 
conditions have been carried out by Sperber.* 

REQUIREMENTS OF THE YEAST — Thc yeast used for food production 
should possess thc following characteristics: It should bo one of high 
protein and vitamin content It should grow rapidly, produce high 
yields, and bo palatable. It should be able to grow under thc conditions 
and on the substrates that are available. 

ACCLIMATIZATION. — As a rule a faster rate of growth and larger yields 
of food yeast are obtained from hydrolyzed wood and certain other sub- 
strates, if the yeast has become acclimatized to the raw material by being 
repeatedly cultured in it. 

SIZE OF INOCULUM. — Usually the concentration of yea-st colls in the 
inoculum is of such magnitude as to give 100,000,000 to 200,000,000 cells, 
in the propagation (fermentation) medium. 

Haw ilfatenals. — The raw material used will depend upon a number o 
factors, the most important of which are availability, cost, and assimila 
bility In Germany, waste sulphite liquor, particularly from beechu^oo , 
was used in six or more plants for food yeast production during ^^or 
War II. In addition, five plants produced yeast from the acid*h> 
lyzed wood obtained by the Bergius and Scholler methods Molasses an 
whey are normally available as low-priced carbohydratc-contaming 
materials. Hydrolyzed grains, citrus fruit u’astes, wood sugar sti age, 
and carob beans are other sources. Actually a large variety o ra'v 
materials may be used after any necessary pretreatments 

iPiNK, H, und F Just. Zeil . 300: (1938). 303: 1.234.4M (1933). 

312: 390 (1942), etc 

*SrEnBER, E., Arktv Kemi, Mineral Geol., 21 (K-03); 1-130 (1945). 
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Lechner studied the utilization of pentoses* and other compounds by 
T. utilis. He found that xylose was readily assimilated,* but that 
rhamnose and glucuronic acid were not utilized.* 

SUGAR CONCENTRATION — The initial sugar concentration in the propa- 
gation tank or container is usually adjusted to 1 per cent or less * In 
continuous processes, the concentration of the feed may be much higher. 

NITROGEN SOURCES. — Nitrogen may be applied in a number of forms. 
In Germany, ammonium sulphate and ammonia were used extensively in 
commercial operations. It was also supplied as diammonium phosphate * 
Urea has been found to be a suitable source of nitrogen by investigators in 
this country.*'* 

pHOsniORUS SOURCES — Diammonium phosphate and superphosphate 
were used commercial!}’ in Germany.* Potassium dihydrogen phosphate 
or superphosphate in equivalent amounts has been used successfully in the 
United States.* 

OTHER NUTRIENTS. — In Germany, potassium chloride and magnesium 
sulphate were used m the production of yeasts from wood sugar. Magne- 
sium chloride has also been used as a source of magnesium on an industrial 
basis. 

pH . — The initial pH is generally adjusted to approximately 4.6, 
depending upon the raw materials used and the conditions of fermenta- 
tion. Vincenty and I..ev is, Stubbs, and Noble adjusted their media to an 
initial pH of 4 to 5, Peterson, Snell, and Frazier (1045), to an initial pH of 
4 6 to 5.6; and Agansal, Singh, King, and Peterson (1947), to an initial 
pH of 4 0 

Temperature. — The temperature normally u«ed for food and fodder 
yeast production is 30“C Wlicre it H difficult to maintain the tempera- 
ture at this optimum, special strains of yeasts that grow well at higher 
temperatures (35 + "C ) may be used. 

Aeration — Provided that other conditions are satisfactory, aeration 
IS probably the most important factor m the successful production of 

' Lechner, II , Angeu’ Chem , 63: ll>3 (1010) 

’ Lechner, R , Btochrm Ztit , 304 : 84 (1010) 

* Lechnfr, n , Bioehem Zeit , 306: 218 (1910) 

* Vincenty, C , Unpnbli«liP(l resonreh report, MIT, Feb 18, 1014 

* Petkr«on, IV II , J F SsEEL, TV C Kr^zifr, Inrl Eng Chem , 37: 30 
(1015) 

‘Ao^rwai., 1’ N,K SiNOH, P S Kino, and TV II Petfr»on, ArcA Btochem , 
14 iNo-* 1 and 2)- lo’i (1917) 

’ Saf.man, Iockf, and I>i< kFrman, lor ett 

* Ibid 

* .\OAR« AU, SiVOH, KiaO, aitd PlTIR^ON, loc etl 
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Table 53.— Yields akd PnoTEm CoiiTiarra of 'i'EASTS Grown in Different Media 


Relerence 



t>ver60»» Lewis. Stcsbs 4 No- 
BbE, Meh BiochMi , i 
(No. Si S8‘J (1U44; 
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concentrated (by evanorationt in in ’ autolyzed and 

dried. aporation) to 30 per cent dry substance and spray 

oti.- have studied food yeast production 


iCourlesyofJ F Seman, 

Loc^e, 14 , 1 £) 45 , 0 . 

dodder Yeast from Sulphite Liquor. — Tie production of fodder yeast 
^ ^jciuor on a laboratory scale has been described by Walker 
an 1 orgen. The sulphite liquor was neutralized to pH 10.5 nith lime, 
permi e to settle, filtered with the help of filter aid for sludge removal, 
neu ra izcd to pH 3.5 with sulphuric acid, and filtered. The sugar 
concentration of different samples of liquor varied from 2 to 2 5 per cent. 

®*E\IAN, R, R M.UIQOABDT, M. L. IltNV.V.V, BJlcI S. G. 
Rocbr,, Ind Eng. Chem., 40 tNo. 7); 1220 flWS). 

ALKEn, n. D., Jr. and R. A. Morobw, Paper Trade Jour., 123 (No 6) 43 
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Walker and Morgen found that optimum conditions were obtained for 
fodder yeast production ivith Torulopsis utilis var. tkermophtha irhen the 
sulphite liquor contained 2.0 g. diammonium hydrogen phospliate per 
liter; the pH was 5.75 (5.5 to G.O); the temperature ^^as 30 to 35*’C.; and 
150 ml. of air per minute per liter of sulphite liquor (based on the condi- 
tions and fermenter used) were employed. Turkey red oil, in a concen- 
tration of 0.1 to 0.2 per cent, was effective as an antifoam agent and 
apparently nontoxic. 

During a 15-hr. period, 90 per cent of the reducing sugars were 
utilized and yeast concentrations of 500 to 700 million cells per milliliter 
were obtained (as high as 5 per cent by volume). 

Inoculums (about 1 per cent) from wort agar slants or from sulphite 
liquor that was in state of active fermentation were used 

Harris, Hannan, and Marquardt* described the production of fodder 
yeast from sulphite liquor. They found that sulphur dioxide and other 
volatile substances could bo removed by steam-stripping or by precipita- 
tion ^\ith lime. Steam-stripping is the more satisfactory method; how- 
ever, the equipment used for this must be acid-resistant and is costly. 
After removal of the sulphur dioxide, the liquor is neutralized with lime to 
a pH of 4 to 4 6. The resultant precipitate of calcium sulphate, and any 
pulp fibers, are removed by filtration. In an alternate method, as is used 
in Germany, the sulphite liquor is first neutralized directly to a pH of 4.1 
to precipitate both the sulphites and the sulphates, aerated, and then 
filtered The necessary nitrogen and phosphate nutrients are added to 
the liquor, which is then inoculated with T. utilis No. 3. Propagation is 
carried out in the special fermentor described on page 2G7. Data and 
results of tjTUCal runs are shown in Tabic 54. 

Production from Wood Sugar . — ^According to Saoman, Locke, and 
Dickerman,* 8,985 tons of yeast were produced in Germany in 1914 by 
five plants which used sugar obtained by the acid hydrolj’sis of wood. 
The wood sugar was produced by the Bergius and Scholler methods. 

The process, as carried out at the Regensburg Vogelbusch plant, was 
as follows' Prop.igation was conducted in six 250-cu m Vogclbusch 
fermenters, each of which wascquipperl with internal cooling coils and a 
20 KVA motor >vhich drove the propeller at 8 r.p.m. 

The organism used was Tonilopsts utilis. The inoculum for a 
fermenter was obtained from a previous fermentation On the l)a‘>is of 
the sugar being used, a quantity equivalent to 10 to 20 per cent by weight 
of dry yeast was employed 

* lUunis, L. E , M I, nnd It U yiABQVAHDT, Paper Trade ‘Sov. 

27, 1917 

‘S^KMAN, LoCKF, nnil Plf loc fit. 
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Table 51 .~Co.'Jti.nuoi 7 » Propaoation or Torxtla uhhs'-* 


Series 

no. 

Ilatc of feed 
per hour, liters 

dir per pound 
of dry j'cnsl, 
cubic feet 

Pedueing 
material used, 
per cent 

■^'lelfl of drj' 
yeast on sugar 
used, per cent 

Protein con- 
tent of yeast, 
|»er cent 


Wood Hydrolysate (Sugar content. 

4 D per cent) 


mm 

2 0 

C30 

02 0 

39.0 

51 3 

H 

3 0 

2S>5 

03 8 

49 7 

57 5 

15 

4 0 

210 

03.4 

52.(5 

50.2 

10 

4 5 

212 

03 2 

4B.5 

5.5,4 

17 

5 0 

203 

01 1 

43 4 

51 5 


Sulphite \\«stc Liquor from niow Pit XcutraJjzcfl «ith Lime 
(Sugar eonicnt, I 6(5 per cent) 


21 

22 

23 

24 

2 0 

3 0 

4 0 

5 0 

1.610 

695 

540 

550 

79 0 

78 0 

75 0 

50 0 

49.5 

49 0 

50 0 

50 2 

51. C 

51 5 

51 0 

50 0 


Sulphite Waste Liquor, Stcam-stripped, Is’culralimJ w'ith Lime 
(Sugar content, 2.56 per cent) 

748 

2 

890 




752 

2 

850 




765 

3 

850 




770 

S 

850 





Evaporntod Sulphite Waste Liquor, Neutraliiwl with Lime 

(Sugar content, 12 per cent) 


783 

784 

3 

! 


CS 8 

51 8 

15 4 

8 2 



Evaporated Sulphite Waste Uquor Diluted 1:1 with \\nter 
(Sugar content, 0.0 per cent) 

789 

2 1 

720 

75 0 

36 0 

43 6 

792 , 

2 1 

640 

77 6 j 

38 1 


ns 1 

3 i 

505 

75 9 1 

32 6 

37 5 

781 j 

3 1 

500 

72 6 1 

34 3 1 

1 ' 


Magncsia-base Sulphite Waste Liquor (Sugar content, 2.5 pc 

r cent) ^ 

L-1 1 

1 2 

1 , 150 

' 75 4 

52 5 


L-6 ' 

i * 

; 045 

1 71 5 

49 0 

— 


■ Values &re averages of « series of efpenments 

» Hakris, E E.. M. L nANNAK. R R, Matocahw, Paftr Tradt Jour . Nov n 
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PIIODUCTIOS OF YEAST AXl) YEAST I'ftonFCTS 


I’ropapalion %vas carried out at 35®C. For each kilopratn of ye:ii>t 
produced, 20 cu.m, of nir were supplied. 

The suspension of ycasl.s was cciitrifupcd in n hattcrj* of Wcstphali.! 
erntrifufirs of the dircct-<}ri\'e type. The ere.am thus o))tninod wa.s 
na-'hed hy diliJlion with water, renlrifu;re<l npnin, etmcenlrafwJ to a 20 
j>cr cent cake with n rotarj* filter, and dnerl on Oschntr dou})le><}nini 
driers, 

'Hie yield of yeast was -15 to IS per cent hasiHl on the sii;;ar 

For llie manufacture of *00 tons of yeast per mimth at tlie FepenshurK 
plant, the follow inR chemical materials were nrees^^irj', aeconlinK to 
Saeinan, 0)cke, and Dickerman ‘ 


MAlorinl Tons 

Ammnniiirn riiljilintr 10 

Ijn'ii't Rmmoitin 7.S 

I’olRsjiniin ftiloride t!i 

Ditinmoriioin phosphate 30 

'la/fwe««;n} joitphaie S 

TnwKli'im pho«phMe 0 5 

"Oarfrtt" 7 !i 

I.ipjfi f.nnnlhrr antifmm I 0 ri 


IVlerson, Snell an«I FraruT* studied npprotmi.alely J.OO fermentvilloiis 
of hydrolyratc’s from 1.1 «lt(Teren( sf>mes of tt<*od in wJiirh nine types of 
yeasts were u*-ed 

'Iliesj* investigators ppepartsl the wood hydroh tales for fermentation 
liy four ililTerenl prcx’e<itires, hut the folloninc one was nio-t eum-ssful 
'ilje amounts of the various m.ateri.a|s us<sl was h.ased on .'» to H jier rent 
nsliK’ing Mig.ar Calcium carl«»nale was ndihsj to the Imlrolyrate until 
the pll was .*5 0 (approximately 0 75g . fjg rfslucinp riigar) \ext, 0 ().» 
jvr rent of Hxliurn Milphite was odderl. 77je hquor w.a,« then heatrsf to 
ls>ilmg wills h%v steam, coole<l and filtrml hy pa«si»ge through » j»:nl t>f 
Ily-Ho Superrcl Tlie nutrient requirrmenls wen* Kali‘fics} Ipy iiddinc 
0 Oh g of un*.n and 0 O.*) g of potn*«ium slihxilrngen ph*eph ite for e.nch 
gram of rrsliieing sugar pnwnt 'Hie methum s'ns then dilir'isl to ilie 
^^•slns^ rofie«*nlmtion 

llie ^t.an^H^l hlKimtoiy pnireflun* for jea'i propigatnin t»\ Fc'tervfin 
and hi* n»s/(enlrs was ns fedjows A r»1l)f>-iiil annmai of ifie rtushum was 
plie*sl Ml n .*» gal l’\n'\ Isilth* It wa* iii«*rulaiis} wjif, 7tx> nil «if an 
in'tculnrti which r<mfaine<l 1 g »rf n IJs fx r ml \ rsJi% a* n« rat«ir wan 
plirtsl '’well Nhiw the JUff.'l"* of the m»shmn ' To prr^rnt rXo«-*»ne 

•s-ttms l<i» *.r. sn t 1.*- nl 

•PrTtns-js U' tl . J r rsfu, U’ < . JT: .m 

iwr. 
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foaming 10 ml. of 'V^cgifat Y ivero added. I'iic Pyrex bottle was intro- 
duced into a constant-tcmperaturc bath (or incubator) at 30®C. Satu- 
rated air at the rate of 20 to -lO liters per min. was pa-s^sed through the 
aerator into the mcdnim. The propagation wa.s allowed to continue for 
24 hr. 

Yield.? of 35 to 40 per cent of drj' yeast, based on the total reducing 
sugars, were obtained from such yeasts a.s T. utUis Xo. 3, Mycotonda 
hpolijtica P-13, and Hansemda anomala. Appro.vimateJy 90 per cent of 
the apparent reducing sugar wa.s utilized. 


Prodiiclion jrom Molasses, Sugar Juice, and Raio Cane Sugar.-' 
Commercial prodnrtion of food yeast from molas-scs, sugar juice, and raw 
cane sugar has been carried out in a plant located at Frome, Jamaica, 
Wc.st Indies. This project wa.s undertalcen by the Colonial Office of Great 
liritain a.s a result of tJie need for such a product and of the information 
and experience obtained at the pilot plant operated at Teddington, 
England, by the Department of Scientific and Industrial Research. A 
description of some of the progress made at Teddington and at Jamaica 
has been furnished by the Colonial Food Yeast, Ptd.,* by TJmy.«en,* and 
by others. The commercial process, ns reported by these sources, ndll he 
briefly do.scnbcd. 

pnEPAnATioN or wonr. — The wort is made up of the molasses (or 
sugar juice, or raw canc sugar), nutrients, and water. The molasses is 


diluted to a concentration just over 10 per cent carbohydrate. If sugar 
juice, or raw canc sugar, is used, it is similarly adjusted for conccntratioa. 
It is “sterilized” by heating it to 93.3'’C. (200®F.), filtered through^plate 
and frame filters to separate out suspended solids, cooled to 37.8 C 
(lOO^F.) by passage tlirough a heat exchanger, and run into closed mild 


stool storage tanks. 

Ammonium sulphate and superphosphate are dissolved, purified, an 
adjusted to the desired concentrations in separate equipment. Caustic 
soda, which is used to adjust the reaction of the fermentation medium, i» 


separately prepared in solution form, also. 

The molasses is adjusted to a 10 per cent carbohydrate concentration 
by dilution with sterile water in a special mi.ving tank. Ammonium 
sulphate, superphosphate, and caxistic soda are mixed with the mo asse» 
in the correct proportions. . 

THE FERiiENTons. — The fennentors measure 02.5 in. in diameter y 
24 ft in height and are constmeted of stainless steel. They are supp 
with cooling coils and aeration devices. The fatter consists of 3 
aeration candles, each with 0.6 sq. ft. of surface, located at the o 


1 Colonial Food Veast, Ltd., Food Yeast, May, 
‘TuArsEN, A C., Food, p 116, May, 1945. 



PRODVCTIOK OF YEAST AND YEAST PRODUCTS 


259 


of each fermentor. The pores of the candles do not exceed 10 microns. 
Thus, the air particles are very small and extremely numerous, increasing 
the efficiency of aeration. The fermentors are designed for continuous 
usage for 24 hr. followed by emptying and cleaning 

OPERATION — The fermentors are initially filled half-full with dilute 
wort, containing about 200,000,000 yeast cells per milliliter. After 
about 3 hr., the rate of multiplication of the cells reaches a maximum 
wherein it requires approximately 100 mm. for a new cell to form from a 
mother cell The wort is now admitted at a rate such that the concen- 
tration of cells will be about 2,000,000,000 per ml. by the time the fer- 
mentor is full. From this time on, one-fourth of the total volume of the 
fermentor is replaced with the same volume of dilute wort each hour. 
The cell concentration remains at approximately 2,000,000,000 cells per 
ml. 

A measuring device controls the rate at which the wort is fed to the 
fermentors It may be set at a constant rate or at a logarithmically 
increasing rate When the fermentors are operated on a continuous basis, 
another measuring device admits sufficient water to dilute the incoming 
wort to a concentration of 4 5 per cent sugar. 

The pH of the medium is adjusted with caustic soda 

The fermented u-ort is withdraiMi from the bottom of the fermentor by 
means of overflow pipes and collected in a tank. 

PINAL STEPS. — The fermented wort is passed through a strainer and 
then to centrifuges (De Laval-DVK«). It is separated into a suspension, 
referred to as yeast cream, and spent wort The latter is discarded to the 
sewer. The cream is diluted with water and rccentnfuged The latter 
process IS repeated After these two washing treatments, the yeast 
cream is dried on single roll drum driers to a moisture content of about 5 
per cent. 

The dried yeast is passed under an clectnc magnet for the purpose of 
removing any tramp iron. It is then ground, packaged, and stored, or 
otherwise handled. Action, of course, must be taken to prevent the 
absorption of moisture by the dried product. The ground, dried prepara- 
tion weighs 27 to 30 lb per cu ft 

C\PACITY OF PLANT. — This 13 expcctcd to be 12 tons of dried yeast per 
day of 24 hr. 

Production from Wood Sugar Stillage. — Kurth,* Kurth and Cheldelin,* 
Harris and associates,* and others have studied the production of fodder 
yeasts from wood sugar stillage on a laboratory basis. IS'ood sugar 

■ KuRTii, T. V ,Jnd Eng Chem , 38 (No 2) 201 (IWO) 

* KuHTn, r F , and II CiiEtOEUN, Ind Eng Chem , 38: 617 (1910) 

• lUnnis, S\EM\N, MAnqu*RDT, IIanjtaw, and Hot.frx, loc eil 
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stillage (still «'nstc liquor) is the product remaining after wood sugar 
Ijydroly^atcs aj-c fermented with j’costs and subsequently distilled and 
contain pentoses (xylose and nrabinosc), acids (acetic, formic, etc.), ash, 
and other constituents. The compositions of the waste liquor obtained 
from a Douglas fir hydrolj’zatc and the spent liquors after fermentation 
are shown in Table 55, 

Taolb 55.-*-Analy»w of Lioeon iif»ork asi> after Tokuh Grortk' 


Total bolida, per cent 

noduring sugar (tylosc), jwr ... 

Itcducing sugar after hydroUHW wiili ItjSOi, per cent 

Volatile acid (acetic), per cent 

Volatile and nonvolatile acid (acetic), per cent 

Ash, per cent 

Itcsiduc upon comhustioii ■ ■ • 

Residue converted to sulphate 

Total carbon, per cent 
5-day B. 0 D 

pH ___ 

■ Kprth. E F . Ind Eng Ck*m.. 35 (No 2) 20* (lOlS). 

Tlie yeasts used by Kurtii and Clicldehn' were TorulopsisvtiUslSQ.^i 
Mycotorula hpolytica P-13, and llanscnula suavcolcns V-833. I^ey 
transferred repeatedly in a wood stillage mcclium to increase 
growth. As inoculums, yeast concentrations of about 100,000,000 cc s 
per ml. wore desirable . ♦ • od 

The conditions of fermentation were as follows; The mediurncon am 
wood sugar stillage from Douglas fir, reinforced by the addition o urea 
find diammoniura hydrogen phosphate in 0 05 per cent concentrations. 
The pH was maintained between 5.0 and 0.5 with ammonia ^ 
inoculation the liquor was aerated, llic rate of grouth of the jeas a 
also of the sugar consumption were affected to the largest ox cn 
aeration. It was discovered that it u'os most important to use sm 
sized air bubbles for best results. Table 56 shows the 'table 
propagation time and final reducing-sugar content. Vnt sui 
aeration the assimilable sugar may he consumed in 28 hF. or , 

rate of sugar consumption was increased as the terapeiature nas me 
from 24 to 34*C. 


Still 

nasta 

lifiuor 

Torula 

spent 

liquors 

3 2 

2 40 

0 81 { 

0 20 

o.or i 

0 34 

0.24 j 

O.IO 

0.7S 

0.31-0 5 

0 05 

1 0 36-0 47 

1 03 

' 0 58-0 68 

1 42 

O.t^W 01 

16,400 

o.coo 

5 0 

7,5-8 0 


) Kubth, Cheldelin, loc. at. 
* Kbbth, loc Clt. 
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Table 5G. — Effect of Aeration* 


Aerator 

Tune, 

hr 

Final reduc- 
ing sugar, 
per cent 

C'porosity fntted-glass tul)es 

16 

0 30 


19 

0 20 

Cloth or EC-porosity fntted-glass disks 

24 

0 20-0 22 

•1-mm glass tubing 

24 

' 0 40-0 49 

Shaker flasks 

72 

0 30 


* Kcrtb. E r , /Rif Eng Chtn . SS 804 (1946) 

Kurth and Cheldelin* found that there was but little distinction among 
the different species of yeasts used m respect to their rate of growth, sugar 
utilization, yield, and nutritional value. All were able to utilize a large 
proportion of the residual sugars and acids in the wood sugar stillage. 
Yields of dry yeasts varied from 53 to C3 per cent on the basis of the sugar 
consumed 

Data concerning the contents of protein, ammo acids, and B vitamins 
of the tliree yeasts studied by Kurth and Cheldehn are given in Tables 67 
and 58. 


Table 57 — Amino Acid$ and Protein ('ontbnt of Yeasts 
(Percentage of ovcn*(lry iveights)' 


^cast 


Hamenula 

Torultt 

Brewers’* 

Total protein 

Ammo acid* 

51 0 

53 4 

52 g 

51 8 

Arginine 

3 2 

2 0 

3 1 

2 7 

Histidine 

1 4 

1 4 

1 5 

1 3 

Lysine 

4 4 

4 3 1 

4 4 

3 5 

Phenylalanine 

2 4 

2 4 

2 3 

2 4 

Tryptophane 

0 3 

0 3 

0 3 , 

0 8 

Threonine 

2 5 



2 8 

Leucine 

3 7 



3 7 

Isoleucine 

3 5 


BHi 

3 I 

Vahne 

3 1 


mlm 

2 4 


‘ Kdrth E K , and V II Cheloilin, / n<l Eng CAe« . S8 017 <19(61 

•Reported by R J Block and D BoIlmK, ArcA Biachtnt T 313 (I94S> (or atram K 10} 

> Values are espressed in terms of the naturally occumns uomer 


The production of fodder yeast by a continuous method from wood 
sugar stillage has been described by Harris and associates* (refer to 
page 203) 

' Klutii, and Ciielueliv, loe eit 

• Harris, SaEman, Marquardt, Hannan, Rooers, loc eit. 
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Fodder y cast from Citrus-wasle Press Juice —KoHe, vonLoesecke, and 
Pulley* described tlie production of fodder yeast from citrus-«aste press 
juice. This juice is obtained by pressing ground citrus waste (peel, rag, 
and seeds) that has been limed. It contains 4.08 to 8.58 per cent of total 
sugars with an av’cragc of 0 63 per cent. It is deficient in phosphates and 
nitrogen. 


Table 58. — B Vitamin Conte.vt or ^'£^<<78 



VTtamin content, t/r. dry wt.' 

MyccAoruln 

Ilansenula 

Torula 

Thiamine j 

5 3 

8 5 

C 2 

Riboflavin 

59 

54 

49 

Nicotinic acul 

COO 

590 

500 

Pantothenic acid 


180 

130 

BioUn 

1 8 

J 7 

1 8 

Folic acid 

3 1 

' I 7 

2.8 

p-Aminobenzoic acul 

31 

16 

17 


^Kvstb, E F , and V It CneLPtuK JitJ Soff CAem, Si: 6J7 fJOiS) 


The juice U prepared for use by screening it, heating it to the boiling 
temperature, and liolding it for 6 min., adding filter aid to it andfiltering, 
diluting it with tap water to adjust the total sugar content to 1 per cent, 
and cooling to 30*C. Trisodtum phosphate and ammonium sulphate are 
added to the juice in the proportion of 9 per cent based on the total 
amount of sugar in the batch. Since additional ammonium sulphate is 
required, it is added during the process at the end of 1 hr. and during the 
succeeding 3 hr at the rate of 1 75 per cent per hr Sufiicient sodium 
carbonate is added to maintain the pH between 4.4 and 0.5 

The nutrient citrus»wastc press juice is inoculated with 4 per cent by 
volume of a 2>day culture of Torulopsis uU'lts in malt wort (which con- 
tained 6 per cent of total carbohydrates at the time of inoculation). 
The medium is aerated vigorously with filtered air and maintained at a 
temperature of 29 to 30°C. The process is generally completed m 8 hr. 
The yeast is separated by centrifuging and washed. The yiel s rom 
citrus-waste juice containing 1 per cent of total sugar (after dilution) are 
44.3 to 48.0 per cent of dry yeast (177 to 191.9 per cent of wet yeast con- 
taining 25 per cent of solids) bas^ on tiie total amount of sugar in e 
juices. 

' Kolte. a J . fl W. vo.v LOESECKB, and G. N. Pollet, Ind Eng Chtvx , 34: 
670 (1942). 
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Production of Fodder Yeast on a Continuous Ba^s . — The continuous 
propagation of yeast has been studied by Harris and his fellow researchers. * 
The equipment used (refer to page 267) was a modification of the Waldhof 
fermenter, which was used in Germany during World War II for the 
continuous propagation of food yeast from sulphite liquors It con- 
sisted of an open tank of 34-hter fermentation medium capacity; a 
mechanically driven spinner, 6 in. in diameter, which was operated at a 
speed of 1,100 r.p.m. and served as a combination aerator and agitator by 
drawing the fermentation liquor down through a draft tube and forcing it 
up and around the sides; a proportioning pump to control continuous 
feeding; and a standpipe, which was slightly higher than the draft tube, 
for controlling continuous dischaige 

The propagation was carried out as follows: Two liters of a solution 
that contained 100,000,000 yeast cells per ml. (T. utths No. 3) were 
placed in the fermentor. The spinner was put into operation and then 
wood sugar hydrolyzatc, diluted to a concentration of 2.5 per cent of 
reducing sugars and containing nutrients, was added at a rate of 2 liters 
per hr Air was introduced at the rate of 0.5 cu. ft. per min. The spent 
medium containing the yeast started to overflow from the fermentor into 
the standpipe in about 5 hr. The yeast was separated from the liquor by 
centrifuging and returned to the fermentor until the volume of wet yeast 
in the fermentor was about 7 per cent, or 1 8 per cent dry yeast At this 
point, undiluted wood hydrolysate, of 4 5 to 5 per cent concentration, was 
admitted and the rate of air flow was increased to 0 75 cu ft. per mm. 
The temperature of fermentation was 30 to 32®C and was controlled by 
cooling coils and an electric heater No antifoam agent was required duo 
to the type of aerator used. The initial pH of the fermentation medium 
Avas 4 7 to 6 G, that of the feed 4 2 to 4.5 

Results of the propagation of T. uiilis on various types of media and 
under various conditions are shoAvn m Table 59 

iiFFECT OF IRON PRonucTiON OF VITAMINS — LcAVis investigated the 
effect of the iron nutrition of T utdis on the synthesis of vitamins.* He 
found that iron deficiency caused increased rates of synthesis of thiamin, 
riboflavin, nicotinic acid, pyridoxin, and pyridoxin isotcis per gram of 
yeast and decreased rates of synthesis of biotin, inositol, p-aminobenzoic 
acid, and Norit cluate factor isotels. IIoAAcver, no effects on the sjm- 
tliesis of pantothenic acid Avere obsen'ed 

Nutritive Value. — The nutritive value of food yeast has been studieii 
by a largo number of rose.ircfiers, particularly in Germany, Great Britain, 
and this country TIicsc studies have been concerned with such subjects 
' IIahrih, Saeman, M miouarpt, Hannan, and Rogers, toe at. 

‘Lewis, J C Arch Bioehem . UNo 2)-2I7(lWri 
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Table 59 —Continuous Propagation or Torula uhhs o.v Woop Hvdrolyzate, o.v 
Sugar Residues from Alcoholic Fisbmbntatjon of Wood Sugars, and on 
Sulphite Liquor' 


Series 

No. 

Rate of 
feed, 
liters /hr 

Sugar 
concen- 
tration, 
per cent 

pH 

Air, 
cu ft./ 
min. 

Air, 
cu. ft./ 
lb. of 
yeast 

Reducing 
sugar 
used, 
per cent 

Dry-yeast 
yield baset 
on total 
sugar, 
per cent 

Protein 
content 
of yeast, 
per cent 

Wood hydrolyzate 

9 

3 0 

4 6 

4 7 

0 75 

415 

BS 4 

36.4 


Bilfl 

2 0 

4 5 

5 0 

0 75 

630 

92.0 

35.9 

52 3 

11 

4 0 

4.5 

5 0 

0 75 

313 

8G 5 

36 0 

52 7 

12 

4 5 

4 5 

5 0 

0 75 

275 

85.3 

36 5 

54 4 

13 

5 0 

4 5 

5 0 

0 75 

296 

83.1 

30.5 

52 5 

U 

3 0 

4 0 

6 6 

0 75 

295 

93 8 

49.7 

58 6 

15 

4 0 

4 6 

6 0 

0 75 

210 

93 4 

52 6 

57 3 

16 

4 5 

4 0 

0 0 

0 75 

212 

93 2 

46 5 

56 5 

17 

5 0 

4 G 

0 0 

0 75 

203 

91 1 

43 4 

52 5 

18 

5 0 

4 6 

5 5 

0 75 

208 

90 4 

42 5 

51 9 


Fermentation residues 

19 

3 0 

0 94 

5 4 

0 CO 

IKK) 

CO 0 

52 0* 

50.0 

20 

4 0 

0 91 

5 5 

0 CO 

950 

55 D 

47.0* 

50 0 


21 

22 

23 

24 

1 2 0 ! 

3 0 1 

4 0! 

5 0 1 

1 66 . 
1 06 : 
! 1 66 1 
! 1 06 j 

5 0 

5 0 

5 0 
50 

0 50 : 
0 50 

0 50 

0 50 

iwo : 

695 

540 

650 

79 0 

7S 0 ' 
75 0 1 
' 59 0 j 

39 2 ; 

39 0 

37 6 

29 6 

52 T 

52 5 

52 0 
51.9 

• Ha 

SRI«. E E , 

J F Sasmas. It. R Mawmj* 

BOT. it L Hahxan. and S C Roobm. M Ene 


UAem., 40 (No 7) 1230 (1948) 

• Values correcteil lo product tulb 60 per cent protein. 


as the digestibility of the yeast in human nutrition; its vitamin con en 
when grown on different media; its protein content; its amino aci co 
tent, its value os a food constituent for children and adults an as a er 
supplement for hogs, cattle, chickens, rats, and other animals, 

Among the reports on these subjects may be 

Fingerling and Honcamp (I933);Bunger and associates (IOd 1; 

Just (1938, 1939), Scheunert and Wagner (1940); Stephen^n, le - 
and Korcnchevskv (1941); Dirr (1942); Dirr and ® nQ43v' 
Hock (1942); Bickel (1942) ; Thaysen (1943); Thaysen and Morns t i 
Lewis (1944), Lewis, Stubbs, and Noble (1944); Butschek (1944), 
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(1944); Colonial Food Yeast, Ltd. (1944) ; Ivlose and Fevold (1945); Peters 
(1945) ; Kurth and Cheldelin (1946) ; Agarwal, Singh, King, and Peterson 
(1947). The subject was reviewed by Carter and Phillips in 1944. 

The high protein content of dry yeast has already been referred to 
(Table 53). There is some indication that yeast protein may be deficient 
in the amino acid methionine and possibly in cystine, according to Hock 
and Fink.i Klose and Fevold* found that torula yeast and brewers’ 
yeast contained inadequate quantities of methionine for the optimum 
growth rate of chicks. Howe\'er, a large percentage of animal protein 
could be replaced satisfactorily with yeast. In spite of these indication'-, 
food yeasts may be regarded as valuable protein supplements. 

Among the vitamins of the B-complex found m yeast are thiamin, 
riboflavin, niacin (nicotinic acid), pantothenic acid, biotin, pj'ridoxine, 
folic acid, and p-aminobcnzoic acid The thiamin, riboflavin, niacin, and 
folic acid contents of four different species of yeasts, grown in molasses 
media and subsequently dried, are sliown in Tabic 00. 


Table GO— Vitavun Conte.st op Yeasts (v/o. of I>bv Yeabt)’ 



at 30“C 

■ AoitRviAt.. r N , K SiWQB. I’ 8 Kiwp, and W I( Petcrson, Arch Bioehtm . II (Nob. I and 2) 
los (ig->7) 

A number of studies have been made on the vitamin content of T. 
tilths Lewis and his associates* found 18 micrograms of thiamin, 30 
micrograms of riboflavin, and 610 micrograms of niacin per gram of yeast 
(dry basis) produced in mol.asses media; and 22 micrograms of thiamin, 44 
micrograms of riboflavin, and 535 micrograms of niacin per gram of yeast 

’ Hock, .\ , and H Fink, Zttt physiol Chem , 279: 187 (1943) 

*Klo«e, A A , and H L Fevold, / owr ATutri/ion, 29: 421 (1015) 

•Lewis, J C, J J Sti-bbs, and W' M Noble, Arch Biochem , 4 (No. 3): 389 
(1914). 










2GG 


IS^DUSTRIAL MICROBIOLOGY 


(drj’ basis) produced in fruit juice media. Kurth and Chcldelin' found 
0.2 micrograms of thiamin, 49 micrograms of riboflavin, 600 micrograms 
of niacin, and 2.8 micrograms of folic acid per g. (on a dr>' basib) in yeast 
grou-n in wood sugar stillage. Thayscn* reported 23 micrograms of 
thiamin, 54 micrograms of riboflavin, and 440 to 490 micrograms of 
niacin per gram of yeast (dry' basis) grown in molasses. 

Processing of Brewers’ Yeast for Use as Food.-— Brewers' yeast must 
be debittercd and othcnvisc treated before use as a food constituent. 
Reports concerning the processing of brewers’ yeast have been presented 
by Siebol, Weber, and Singnicn*; IlafienrcfTer^' Burton*; INIacDonough 
and Ha/fenrofler,^ and others. 

In the proce.'is described by AlacDonough and Haffenreffer,* yeast 
cream (10 per cent 3 ’east on a tin* basis) is pumped through a filter into 
a w eighing tank where jt is neighed priorto transfer to a debittering tank. 
The j'cast is washed first with water, 10,000 Ib. of water being added to 
5,000 lb. of j'cast slurrj'. TIjc mixture is separated into a j-east concen- 
trate and waste liquor b)* passage through an AJplm Laval 3 'east separator. 
Tlie 3 'cast is wa-^-hod ne.xt with a caustic soda solution at a pH of about 
12.1. Two parts b^' weight of alkaline water are employed for each part 
of yeast. The mixture is passed through the separator. The yeast is 
now wasliod with a solution containing 0 05 per cent caustic soda (5 Ib. of 
fiodium hydro.vide in 10,000 Ib. of water) and the mi.vture passed through 
the separator. Finally' the j'east is washed with cold water and concen- 
trated by passage through the separator. 

After the debittering treatment, tabic salt is added to the concentrate 
in the amount of 2 per cent of the drj' weight of the yeast. Likewse 
sufficient U.S.P. phosphoric acid Is added to lower the pH to 5.5 to 5 7. 

The 5 'east preparation maj' be enriched, if desired, by the addition of a 
solution containing thiamine, riboflavin, and niacin. The concentrate is 
stirred uniformly and then dried on a double-drum drier. The final 
product is pulverized and packaged. 

In order to prevent vitamin losses during processing it is essential to 
use speed and temperatures not above 40®F. These precautions are 
especially important during the debittering process 


‘ Kurth, E. F , and V. H. Gubloeltn-, Ind. Eng Chem., 38; 617 (ItllC) 

* Thatsex, a. C , Part III, Food Yeast, Colonial Food Yfost, Ltd., May, 1W4 
’SiEBEL, R. V, P. J. F. Weber, and E, Sin'gruex, Modern 
(Xo 5): 44 (1941), 26 (No. 6): 46 (IWI); 27 (Xo. 1): 49 (1W2), and 27 (^o. -)• • 


(1942). 

* HAFFE.VBErrrn, T. C , Js , Breteera Bull., 36 (Xo. 

* Burto.v, L V , Food Inds.y 16 (Xo. II)' M (1943). 
« MacDo.nolgh, j. V., and T. C. IlirrESBErrEB, Jn , 


87): 4 (1943) 

, )V(tUersteinLaf>^-CommiiM., 


7 (Xo. 20) -39 (1014). 
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LABORATORY FERMENTORS FOR YEAST PROPAGATION 
A number of laboratory-scale fcrmcntors have been developed for the 
propagation of j'cast. One of these is illustrated in Fig. 37. Another 
has been described by Feustel and Humfeld.^ Fermenters designed and 



I'lo 39 -Temperature-control equipment of laboratory-scale fermenter desiRned and 
built at Forest Products Laboratory (Courtesy o/ E. E //orru, il. L Hannan, and R R 
Marquardt. Paper Trade Jour , Nov 27, 1947) 


constructed at tlie Forest Products Laboratory and at the Western 
Regional Research Laboratory, respectively, arc described below 

Forest Products Laboratory Yeast Propagator — Harris, Hannan, and 
Marquardt* constructed a laboratorj'-scale fermentor (propagator)"for the 
study of yeast production from wood sugars. Some details of the con- 
struction of this fermentor arc shown m Figs 39 and 40 The fermentor 
IS constructed prcfcrabl 3 ' of stainless steel in order to resist corrosion and 
lend Itself to easy cleansing. 

The propagator (fermentor) consists of several essential parLs-an open 

'Feistel. I C , ati<l II IIuiirELD, /our Barf, 52 (No 2 ) 229 (IIMO) 

* llAnnii, IUn.v an, Mabqvabdt, foe. ctl. 





capacity, with reference to the top of the overflow tube; a 
o or» riven proportioning pump; an aeration wheel v’hjch performs the 
ua unctions of aerating and defoaming; a draft tube; temperature 
regmating equipment; and a pH controller. 

unng operation, the fermentation solution is fed continuously by 
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a proportioning pump into the top of the fermentor at a point next to the 
shaft of the aeration wheel. A disk on the shaft “just above the liquid” 
distributes it uniformly in the fermentor. Air enters the hollow shaft of 
the aeration wheel (which is 6 in in diameter) at the rate of 1 cu. ft. per 
min. for each cubic foot of medium and is delivered to the medium 
through six tubes. The aeration wheel (or spinner) which revolves at the 
rate of 1,000 r.p.m. pulls the medium out of the draft tube and forces it up 
the outside liberating the gases as it drops down the draft tube. 


rio 41 — Fermentor for submeri;ed>culture iDvestieations in operation [Courltgu of 
Dr ffarry /lumfcld. Jour Rad 64' 032 (I<U7), anJof ff’etiem Rrgional RtseareADabora/ory, 
Btirtau of Agrtcultural and /ndu»fr«of Chemulry, U S Dtpartmtnt of AaT\eulture ] 


The temperature is regulated by two electric heaters on the outside of 
the fermentation tank (which are controlled with a bimetallic thermo- 
switch) and by a cooling tube in the tank through which cold w-ater is 
circulated as required 

An indicating controller measures and controls the pH of the fer- 
mentation medium. A s.'iturated solution of sodium carbonate is added 
as needed to maintain the pH at 6 3. Tlie feed solution is customarily 
adjusted to an initial pH of 3 9 to 4 2, since the pH of the fermentation 
medium increases as the yeast grows 
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The yeast and spent liquor pass out through a standpipe.^ 

Western Regional Research Laboratory Fermentor. — ^Hum/eld (1947) 
described an improved laboratory-scale fermentor for submerged-culture 
studies. This fermentor has a mechanical foam breaker and can draw air 
in by the suction produced by the stirring blades. It has a capacity for 10 
to 18 liters of medium. 



ofjl. 


Fio 42 —Fermentor assembly Ivourusj/o/ u. /inm/n-, y 

of Il’Mfern Regtonal Renarch Lcboralory, Bureau of Agncultural an 
U.S Department of AffrteuUure J 


The tank is a Pyrex glass jar of 12-in. diameter and 24 -in. heigb 
(Fig. 41). A gasketed stainless-steel cover or lid (2) fits on the top. 
From this cov'er an agitation-aeration assembly of stainless stee t ig 
is suspended. Plans for the fermentor are presented in Figs. 

As will be seen by reference to Fig. 43, the fermentor ass^ j 
an air-dispersing unit mounted at the bottom end of t c s . 

(3); adjustable truncated cones which govern the stirring c arac 


' Ibul. 
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to some extent; four metal stnits attached to the cover at right angles and 


connected at the bottom by a metal web 
to furnish support for the stirring shaft. 

The device for aeration and agitation 
is located at the lower end of the shaft 
(3). It rotates between stationary cir- 
cular plates (23 and 24). The upper 
one (23) is attached to bars (19 and 20); 
the bottom one is held to the upper plate 
by studs. The culture medium enters 
the lower plate through a circular hole 
(25) Four tubes (28) arc attached to 
the shaft and form arcs at right angles to 
it. Vanes (27) are attached to alternate 
sets of the tubes (Figs 43 and 44). 

Air enters through a pipe (21), which 
extends from the cover to a location 
directly below the central core of the 
agitation-aeration device Wlicn the 
shaft IS rotated, the vanes (27) cause the 
medium to flow up through the circular 
opening (25), bore (30), tubes (28), and 
out of the casing and pa.st pins (26). 



Fio 43 view ot fermentor 


The medium also flows through the open- (Courtesv »/ TTeeam Rtgxonvi 

. ,, . . . • J .. Rtuareh L<xb0T<H0T)i, Bureau of Aotv 

mg to the casing s interior and out by the aiituroi and tnduitriai Chenutry, 
pins. Asthemediumpassesthetipofthc Department of At^rieuiiure) 


pipe, air is sucked through the pipe into it. The air passes through bore (30), 
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tubes (28), and out of the casing. The amount of air used is regulated by 
raising or lowering the tip of the pipe (21) in respect to the inlet of bore (30). 

Cones (13 and 15) are fastenc?d to the shaft by means of webs (14 and 
16, respectively) and when rotated mix and agitate the medium. 

The foam breaker consists of a cone (6) and a disc (9), located above 
the normal level of the medium. The disc (9) is secured to the shaft 
by a collar (10) and contains an interior 
set of vanes (40 and 41) (Figs. 43 and 44) 
half of which (40) are turned up and half 
of which (41) arc turned down, and an 
1 10. 40.^ide view ot /oam-treaker c.vtcrior Set of vancs (1 1 and 12), half of 

disc. (CauTttty of ^ ettern Regional , /,,<•, 

Research Lahoratoru, Bureau of Agri. wbicll (11) aro tumccl Up and half of 



euUural and Indiulriai Chemulrp, 
U.S Department of Agriculture.) 


which (12) arc turned doum. When the 
disc (9) is rotated counterclockwise, the 


inner vancs (40 and 41) force the medium towards cone (0) and the outer 
vanes tend to force it towards the side of the vessel or its contents. Thus, 


the foam is broken effectively. A recent modificatjon of this fermentor 
consists of a change in the design of the stirrer (Fig. 44), to give a greater 
capacity for aeration, and the elimination of supporting struts. 

The fermentor is provided with a set of pll meter electrodes and nith 
leads protected by removable waterproof tubes. It is also provided with 
a thermometer well and a sampling tube. The power for operating the 
fermentor is supplied by a 0.25-hp., ball-bearing, variable-speed electric 
motor, mounted vertically. 

For further details of construction refer to the description furnished by 
the W'estern Regional Research Laboratory, U.S Department of Agri- 
culture, Albany, Calif. ; for additional information on its operation refer to 


the paper by Humfeld.’ 


FAT PRODUCTION BY YEASTS AND YEAST-tlKE MICROORGANISMS 
Only under conditions of a national emergency would one ordinarily 
attempt to produce fat from microorganisms, for normally the deman s 
of a country may be met by domestic production from animals and 
plants, or by importations. But when the usual supply becomes inade- 
quate, waste Carbohydrate materials may be used for the synthesis o 
fat by microorganisms. 

Fat may be produced by a number of different microorg^isniS' 
by yeasts; by yeast-like microoi^anisms, such as Odspera (Uidiiun) 
laclis; and by molds (a discussion of fat production by molds appears i 
Chap. XXXIV). 


' HuurEti), H., Jour, Bnet., B4 (No. 6): 689 (1947). 
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(ft) 


t II* 4GA. — Modifications of the fermentor a (left), fermenlor ready for operation, 
(right), operating unit removed from container ft. close-up view of operating unit of 
fermentor eliowing loner end of aiT-mtake pipe leading into center of agitator Two of the 
f ui^Jar supports serve xs tainplinx pipt^, one aa a barsesting luhe, and one as a thermom- 
eter well (CouTtt$y of Dt Harry llumftld end Ike Jrttirrn Rtffxonal Ktteareh Laboratory, 
Utireau of Agr\ctdttsrat and fnduilrial Cftemiafrir, V S Oeparltnrnl of .Ayrtcidlure, 1948 ) 
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“Fat” Defined.— The term "fat,” as used m this chapter, refers to 
substances insoluble in water but soluble in ether and other fat solvents. 
In the literature, one finds that ."iome authors use the term "lipoid” to 
designate the crude /at obtained from miVroorgani’sms. However, in 
view of the wide use of the word "fat,” which is more properly restricted 
to mean the esters formed by combinations of fatty acids with glycerol, 
this term ndJi he used thtoaghout the present discussion to include what 
actually would be classified as lipids, according to Bloor.* 

Under the term "lipid, Bloor includes the simple lipids— the fats, 
oils, and ira-vcs; the compound lipids, suck as the phospholipids; and 
the derived lipids, such as fatty acids, sterols, and alcohols. 

The Fat of Yeast. — Some of the first studies concerning the nature 
of yeast fat iverc carried out by Xageli and Loow (1878)^ Gdrard (1895), 
Gdrard and Darexy (1897), llinsberg and Boos (1903, 1904) and Sedl- 
mayer (1903). In recent years, amongst others, Smedley-MacLcan and 
coworjeers have made notable contributions to the knowledge of this 
subject. 

In yeast fat are found palmitic, oleic, linolcic, and Jauric acids; the 
phospholipids, lecithin and ceplialin; crgosterol and zymosterol; and 
other components. A largo proportion of the crude fat is unsaponifiable 
matter. 

Production of Fat by Yeast. — Nageli and Loow first proved that 
carbohydrates could be transformed to fat by yeast.* 

Fat production is a normal function of yeast cells, but the rate of its 
formation and the quantity of it stored may be increased through the 
use of certain optimum conditions. Factors of importance in fat pri^ 
duction are the use of a medium rich in carbohydrate, o.xygenation, and 
phosphates. 

Oxygenation of a medium is essential if greater than normal quantfti^ 
of fat are desired Nageli in 1878 showed that the fat content of yeasts 
and molds could be increased from 5 to 12 per cent when they 
grown in well-oxygenated media containing an abundance of ear o- 
hydrates and a scarcity of nitrogen. ^ nri \ ♦ n 

The addition of alkaline phosphates (Na2HP04 and KH* t) ^ 
welloxygenated medium containing 4 per cent glucose caused mere 
fat storage in a suspension of brewery yeast.® _ 

Usually the rate of fat formation was greatest at the beginning o 
experiment, diminishing later When the concentration o sugar v- 


1 Bni-L, H. "The Biochemisliy of lapwls,” John Wiley & Sons, Inc , New iork, 
1937 


* Nageli, C, und O r.OEW, Anity 193: 3Z2 (I87S) 

* Smedlbv-MacLban, I , and P IIorrBBT Biochem Jour, 


J8; 1273 (1921). 
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increased, the amount of phosphate absorbed by the yeast cells was 
likewise augmented. 

It has been demonstrated that ox^’gcnating a solution containing a 
suitable sugar increases the amount of fat stored in the suspended yeast. 
If yeast containing reserve carbohydrate is suspended in oxygenated 
water, part of the carbohydrate is converted into fat.' 

Although investigations have been carried out using oxygenated 
solutions of various simple carbon compounds, thus far only ethyl 
alcohol and sodium acetate, two-carbon compounds, have produced 
significant increases in the amount of fat stored by the suspended yeast.* 
These compounds must be used m relatively dilute solution (a 0.5 to O.G 
per cent concentration of ethyl alcohol is satisfactorj'), because increasing 
the concentration of either above a low maximum leads to poor results. 

The rate at which oxygen is supplied to solutions of ethyl alcohol and 
sodium acetate determined chiefly the amounts of lipids stored in yeast. 
When a solution of these compounds is not oxygenated the storage of 
fat and carbohydrate is not increased. 

Alcohol vapor, in the presence of oxygen, leads to a deposition of 
lipoid material in the cells of brewery yeast and also in Endomyccs 
vermlis, according to the researches of Lindner and Unger.* Yeast 
(Frohberg type), when grown in agar in a chamber containing the vapors 
of ethyl alcohol and oxygen, showed definite increases m fat content.* 
By keeping the moisture content of the yeast low through the use of a 
drying atmosphere, the highest yields of fat wcrcobtained in the presence 
of alcohol vapor. Substitution of ethyl alcohol uith propyl alcohol m 
control experiments yielded negative results 

The following table indicates the average increases in the fat content 
of samples of yeast incubated in oxygenated water and m oxygenatetl 
solutions of N/14 acetates * 


Table 61 — Average Inc bease"* in Fat Content op 


Solution 

Water 

Potassium ncctatr 
SocJiiim acetate 
Magnesium acetate 
Calcium acetate 


Yeast in Various Solutions 
Percentage 
Increase in 
Fat Content 
41 
180 
160 
118 
100 


* Smedley-MacLean, I , Ergeb EtiTymforMch , 6: 285 (1930) 

* Swedley-MacLea.n and IlorrrBT, op. «1 , 20: 343 (1926) 

* Lindner, P , und Unoeh, Woehiehr. Brau , 36; 188 (1919); Lindnfr, P , Zeit 
nngrw Chem., 36; 110 (1922) 

‘ IIaldpn, II , Biochem Zeil , 226; 219 (1931) 

‘MAcLfon, L r> , and I fiMroLPY-MArLiuv, Bioehem Jour, 32; 1571 (1938). 
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Vnicn pliospluitc is added to a 0.6 per cent solution of sodium acetate, 
there is no increase in the quantity of fat produced from the acetate. 

Fat is produced from sodium lactate and sodium pyruvate m oxygen- 
ated solutions containing yeast, according to Sracdley-MacLcan and 
cou’orkors. Shaking the solutions of these compounds increased the 
<juantity of fat and carbohydrate stored. Lactic acid, or lactate, usually 
yields carbon dioxide and small amounts of volatile acid.s in addition to 
the stored products. Pyruvate is not so effective as lactate informing 
storage compounds. 

No incrca.‘'CS in the lipid content of yeast, not equally well obtained 
by o-vygciinting a suspen.sion of yca.st In w'nter, n-orc oh«en’cd by oxj’gcn- 
ating solutions of the sodium sall.s of citric, crotonic, fiimaric, gluconic, 
levulic, maleic, or succinic acids; acetoin; 2:3-butylcneglycol; or methyl- 
ethyl ketone.* 

The addition of calcium or magnesium ions to an oxygenated solution 
of glucose signi/icantjy decreased the quantity otVipids usually stored in 
yeast. Likewise, tlic addition of these ions to oxygenated solutions of 
acetates caused a decrease in the amount of lipid material ordinarily 
formed from the acetates.* 

Fat Production by Endomyces Vemalis. — Considerable research was 
undertaken by Lindner and his nssociatos at the Institut fdr Garvmgsge- 
u'crbe of Berlin at (he time of IVorld War J in an effort to produce fat 
from Endomyces vcmaha on a successful economic basis * 

E. vcrnalis grows as a mat or skin over the surface of a liquid medium. 
For fat production, oxygen Is essential. However, agitation of the 
medium is not beneficial. 

Several carbohydrates arc assimilated but not fermented. Since fa 
storage is sought, this is a desirable feature of the organism. Molasse?, 
cellulose waste, hydrolyred wood, and other media containing an 
ilable source of carbohydrate may be used as raw materials for ^ 
production. , , 

Waste sulphite liquor, fortified with nitrogenous substances an ® 
necessary salts, is a favorable raw material. Nitrogen-containing 
stances may inclade yeast water, ammonium salts, urea, urine, “ 

slop, extracts of grains, or other products. Potassium chlors^, 
potassium phosphate, and magnesium sulphate may be used 

An abundance of a suitable carbohydrate is essential for the maMm 
production of fat a 

The optimum temperature for growth is 15 to 20 ., a o 
temperature as low as W^C. may be used. 


* Ibid. 

* Fjnk, II , H und W IIorRBiniOEa, 
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In the production of fat by E. vemalis, two phases may be recognized 
in the incubation period: the phase during %\hich the principal growth 
of the organism occurs (2 to 3 days under optimum conditions) and the 
phase of principal fat formation, which generally requires 6 to 8 days in 
addition. The phase of growth has been designated as the "protein 
generation" by Lindner. During this phase, the organism may be 
satisfactorily used for inoculation purposes. For growth the organism 
may be cultivated in a medium rich in nitrogen but poor in carbohydrates, 
but for fat production ("fat generation") a medium rich in a carbo- 
hydrate is essential. Thus is illustrated the difference between the 
optimum conditions for growth and optimum conditions for the produc- 
tion of a desirable end product. 

Though many efforts were made to find satisfactorj’ methods for 
producing fat from E. vemalts, only two methods were carried out on a 
large scale, the floor process and the pan process 

1 . The Floor Process . — In this process, inert materials such as chopped 
straw or coarse sawdust were washed, impregnated with the nutrient 
medium, and sterilized. The impregnated inert material was spread in 
thin loose heaps over the floor and inoculated with a fine suspension of E. 
vemalis The heaps were turned several tiroes a day and occasionally 
sprayed with water. At fat production was completed m approx- 
imately 12 days; at 20^C , in 8 to 10 days. The fungus was dried at a 
temperature of not above 50*C. 

The following data (Lindner) are taken from a test in which the inert 
material was impregnated with a 25 per cent molasses solution and 
inoculated with E fcrnaUs' 

Table 62 — Data ov Fat PnopccnoN bv Emiomycet vernalis 


Amount of eugar used 12 5 kg 

Sugar used in CO, production 4 16 kg 

Sugar left for fat formation 8 34 kg 

Theoretical yield of fat 3 33 kg 

Actual yield of fat 0 95 kg 

Percentage of theoretical yield 28 5 

Yield on basis of sugar usc«l, per rent 7 6 


The amount of sugar converted to fat by this process was small. 
Furthermore, difficulties were encountered in separating the fungus 
from the inert material, frequent attention was necessary during growth 
of the organism, and infection, especially with Torula, was prevalent 
There was, however, adequate surface exposure. 

2. The Pan Process — In this proce«a, which was carried out on a 
large scale, the organism w as grown in large flat pans containing a shallow 
layer (1 to 2 cm. in depth) of a sterilized nutrient solution of sugar. 
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In order to conserve space and to facilitate handling, the pans were 
placed one above the other in frames. No covers were placed over the 
pans. 

When the mat, or growth, on the surface of the solution in the pan 
became well-devcJoporl, a large part of the culture solution was carefully 
run off and replaced with fresh nutrient sugar solution. After the inavi- 
mum fat formation (usually in 7 to 8 days), the spent culture solution 
^\'as dra\vn off and the mat carefullj' washed by repeated underlayerings 
with water. Tiro mats thus obtained, rich in fat, were used as a paste. 
Such paste was designated, for cvample, as “Evemal” or “IMyceta." 
The protein content of such pastes was valuable. 

In this process sugar utilization was nearly complete, but the neces- 
sary use of much hand labor incrcaccti the costs, while infection by yeasts, 
molds, or bacteria was a very serious matter in some cases. 

liccovery of Fat. — Fat may be obtained from E. vemah's by one of 
several methods: by chemical means, by extraction wth ether, and by an 
autoli’tic process. In the chemical method the fungus mat is treated 
with warm dilute hydrochloric acid to decompose the cells. The fat, 
obtained as neutral fat, may be used for food. The efficiency of the 
process is high. 

The colls arc ground with sand to disintegrate them before e.\'traetion 
with ether, Fat so obtained is used industrially. The efficiency of this 
process is not liigh, 

Self-digc.Mtion is permitted at appro-rimafely 60*C. for 2 to 3 days in 
the autolytic process The fat is recovered from the autolyzatc. 

Preservation of the Fat. — TJic fat keeps u'cH if o.\'3'gen is completeb 
excluded. 

Fat Production by Odspora (Oidium). — In the year 1920, Chapman 
isolated a species of Odspora (O'l^ium) from a sower blocked by the grow 
of this organism. Culture of this species in a nutrient solution 1 to 
the formation of a thick film within 2 days, which contained 10 per cen 
fat and 50 per cent protein. Ti»e flavor and otlor of tlic film resem 
cream cheese.* n ? -k' h 

Out of 50 strains of Oospom (Qldium) iaclis examined 1 o w ic 
produced considerable quantities of fat — ^Fink, Haeseler, an , 

selected two, strains A and B, which reproduced u’ell and pro ned go 

yields of fat. Of those two strains, strain A was preferred, for i nas 

sensitive to higher temperatures and it reproduced more uniorm, 

« RAMSBOTTO^t, J,, Assce. Adeaneemeni Rei gi- 

* Fink, H , G IIaeselcr, utul If Sriiwor, Znl Spintustn • > 74417^7 

82 (1937), Fink, If, II. TUehs. und HoeRBUROEK. Chem. /-ig , ■ 

(1937). 
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Oospora lactis, or, as it has been commonly designated in the past, 
Oidinm. laciis, is frequently found m Camcmbcrt cheese’ and in some 
butters and may be a cause of spoilage of cream cheeses It is quite 
resistant to heat and infection by other microorganisms. This attribute 
of growing in a medium that has become infected by other microorgan- 
isms and, at the same time, giving good results makes the mold especially 
desirable. 

Optimum Conditions for Fat Production . — Since Oospore factis occurs 
naturally in dairy products, whey is an excellent source of raw material. 
Whey may be used alone or enriched with other nutrient substances. 
Urea, ammonium sulphate, or ammonium acetate are good sources of 
nitrogen, while primary potassium phosphate (KHjPOi) and magnesium 
sulphate are excellent sources of potassium, phosphate, magnesium, and 
sulphur. 

As an illustration of the nature of the nutrient medium and the 
results obtained when Oospom lochs is growm in Jena flasks, the following 
experiment is quoted.* The nutrient solution contained 2 liters of w’hey, 
2 g of ammonium sulphate, I g. of primary potassium phosphate, and 
0 5 g. of magnesium sulphate In each of a senes of Jena flasks, 250-cc. 
portions were placed. Data for the expenment are shown in Table 03. 

An examination of this tabic shows that under the conditions of 
the expenment the maximum yield of crude fat was obtained m 6 days 

Other experiments by Fink, Haeseler, and Schmidt have indicated 
that the shallow pan or dish was superior to the Jena flask as a container 

The optimum temperature for fat production was 25 to 80®C 

A sugar concentration of 4 to G per cent was satisfactoiy for both 
strains A and B. 

Using strain A, Fink and his coworkers obtained yields of 12 5 to 
14.34 g. of crude fat within 5 days from 100 g of sugar in whey enriclictl 
luth ammonium sulpliatc, potassium clilondc, ami magnesium sulphate. 
These yields, according to Fmk and his as.'mciatcs, were better than those 
obtained by GclTers’ from pure wheys, calculated on the sugar utilized, 
when using strains of Oosporo imllroth, strains similar to Oo^pora lactis, 
and were secured in a shorter period of time However, GefTcrs obtained 
yields as high as 50 per cent of the drj’ weight of Oosporo wallroth, when 
using lactose. 

Production Srom Straw and Oat Hulls — A German process for the 
production of fat by Odspora (Oufium) lactis from the sugars derived from 

* HAUMfn, II W., "Uury Bactcnologv,” 2dcd, John Wdey & Sons, Inc , Now 
York. 103S. 

»FtvK, lUr-Hs, und Itornmnnia. fnc 

»G».FHRs. n , .Ueh Mdrolool , 8:fi0-08 n017> 
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straw (by a modified Scholler process) and from oat hulls has been 
described b}' Balls.' Two types of apparatus were used. One of these 
consisted of a rotating dmm, made by stretching can\'as over a wooden 
frame about 4 ft. in diameter, which was open at the ends near the central 
shaft. The nutrient solution was placccl on the inside of the drum. In 
order to inoculate the medium, the inside surface of the canvas was 
sprayed or painted with a culture of 0. lactis. The drum was rotated 
about two times a minute during operation. The second type of appara- 
tus consisted of a row of sheets of canvas hung about 3 in. apart on a 
wooden frame. One side of the canv'as was painted with a culture of the 


Table 63. — Data on Fat Pnout'cTio.v sr Odspora iaelit'' 


i 

Age, ' 
days 1 

Yield in ! 
dr>’ mate- 
rial, grama ! 

1 

Nitrogen, 
per cent of . 
dry sub- 
stance 

Crude pro- 
tetn extrac- 
tion, per 
cent of dry 
substance 

Crude fat, 
per cent of 
dr>’ sub- 
stance 

Total jicld 
of crude fat, 
grams 

pH of the 
nutrient 
solution 

2 1 

1 777 ! 

3.40 : 

33 75 i 

7.5 

0.133 

5 0 

3 1 

3 238 ! 

3 32 

20 75 1 

10 8 

0.34D 

(6 5) 

4 ' 

3 0C8 

3 15 

19 60 1 

13 4 

0 531 

5 0 

6 

4 771 

2 OS 

18 63 

IG 7 

0.796 

5 0 

6 

6 729 

2 81 { 

17 56 

22.5 i 

1.290 

7.1 

7 

6 147 

2 70 

17 25 


1.352 

7 7 

12 

5 8SG 

2 85 

! 17 81 

19 C 

1 152 

8 3 

to 

5 710 

1 

3 15 

IG 09 

16 G 

0.W8 

8.1 


^ Fimk. II., n. nAxtui, W IIoeRaoKaen. Ztg , 61: 7H-7<7 (1037). 


organism Nutrient solution was pumped through nozzles onto the other 
side of the canvas and trickled down to a tray below*. It was pumped 
continuously from the trays to the canvas until the sugar w'as oearlj 
consumed. Filtered air was circulated between the canvas sheets. The 
process was complete in about 5 days at room temperature. The yid 
Avas said to be about 20 per cent of fat on a dry' basis. I'or further 
details, the reader is referred to Balls’ report. 

Fat Production by Rhodotorula Gracilis. — The production of fat from 
Rhodotorula gractlis has been described by Enebo and associates."* ^ 
contents of 50 to 60 per cent (on a dry basis) were obtained m noncon- 


« Balls, A K., Fiat Final Report No. 371, Oct 10, 1043 
* Enebo, L , M Elandeb P Deho, H. Lvnwn, R Nilssov, and a 
/ca.6: 1 (1014) 3S3 

» Enebo, L , h G .\ni}f,bso.v, and H Loxi>in, Arek Biockpm , 11 <* • 

(1946) 
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tinuous cultivation with about 51 liters of substrate. The fat coefficient 
(number of grams of newly formed fat per lOO g of sugar consumed) was 
16 to 18; the generation time, 15 to 20 hr.; and the protein content, 12 to 
13 per cent, under these conditions. 

Conditions of Production . — The medium used by Enebo and his fellow 
workers' in most of their experiments had the following composition: 


Constituent - Grams/liter 

Invert sugar 40 0 

(NH,)2S04 1 0 

K.IIPOi I 0 

MgSOi-THjO 1 0 

NaCl 0 5 

CaCliOlIsO 0 5 

FeCl,6II»0 0 005 

Beer wort (20 per rent) 25 ml 

pH (with HjSOd to 4 5 


The yeast was grown in a cylinder of acid*resistant steel, which was 25 
cm. in diameter and 225 cm. high, and which was provided with an 
aerating device at the bottom and a rotating foam-suppressor. 

The temperature of incubation was 27 to 29*C. 

Observations . — In one typical experiment, the time of cultivation was 
08 hr.; the volume of nutrient solution, 47 liters; the volume of the seed 
culture, 5 6 liters containing 46.0 g of yeast on a drj’ basis; the nenly 
formed yeast (dry substances), 547 g.; the added sugar, 1,880 g ; the 
yield of yeast, 29.1 per cent; the content of crude fat in dry yeast sub- 
stance, 66 0 per cent; the newly formed fat, 326 g ; the fat coefficient, 
17.3, the degree of reproduction, 12.9; the number of generations, 3 69; 
the generation time, 18 4 hr.; the nitrogen content of the yeast, 2 10 per 
cent; and the ash content of the yeast, 3 5 per cent. 

Figure 47 shows the relationship between sugar content, quantity of 
yeast, and fat content as functions of time 

Fat Production by a Soil Yeast. — Starkey* has described lipid produc- 
tion by a yeast isolated from the soil, wlijch appeared to be closely related 
to Torulopsts lipofera. He found that the lipid content of the cells was 
largest when the yeasts were groTvn on a nitrogen-deficient carboh}'drate 
medium Large amounts of lipid were produced in an nerate<l solution 
tliat contained 3 per cent glucose, 0.05 per cent (NIL)sS 04 , and 0.01 per 
cent yeast c-xtract Tiic conversion of glucose to lipid varie<l from 10 to 
14 per cent; the lipid content of cells (on a dry basis), from 50 to 03 per 
cent. 

* Lvebo, 1- , M r II. I.i'vniv, It Nil.'n'-ov and K Mynn^rn, 

In. 6: 1 (1014) 

’ St^rkfy, R I. . Jour Port , 61 ; 33 (101(1) 
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Fig. 47 —Sugar content, Quantity of >ca3t, and fat content as functionsof 

ofL Kntbo, L 0 Anderson, and If. Lundin, Arch. Biochem , It (No 3). 3S3 [I94ti) 1 


THE VITAMINS OF YEAST 


Vitamin production in yeasts varies qualitatively and quantitative y, 
as has already been indicated in the discussion on food yeasts. Althoug 
thiamin, riboflavin, nicotinic acid, pantothenic acid, biotin, pyridoMne, 
folic acid, and p-aminobenzoic acid are produced by yeasts in genera > 
many strains form little or none of some of these vitamins.^ Howcvei, 
certain strains of yeasts are particularly good sources of thlamm, n ^ 
flavin, or otliers of the vitamins when propagated under optiraum 
conditions. j 

Millions of pounds of yeast, especially brewers’ j'east, have een us 
to enrich foods and in pharmaceutical products. Huge amounts av 
been employed in livestock feed. , • 

Vitamin Bi.—Vitamin B, (thiamin, or ancurin), the 
vitamin, whose structural formula follows,* is produced m 
amounts by different yeasts, depending largely upon the nature o 
metlium in ivhich they are grown. 


CH, 

L 


N=C— Nil* C=C— CHj OHjOII 

n, C h—CUr—N 

jj— I:— H ^1^ C—S 


* Addinall, R , "The Storj'of Vitamin Bi" Merck A t^n., Inc , Rnl 
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According to the investigations of Pavcek, Peterson, and Elvehjem, 
the vitamin Bi content of most of the yeasts grown on the same medium 
under similar conditions was approximate!}' the same The ^^taram Bi 
content varied widely on different media, however. 

The vitamin Bi content of the yeasts listed in the following table was 
approximately 10 LU. (International Units) per g of dry yeast for 
the grain medium, with the exception of Endomycc$ vemahs, uhich 
yielded approximately 7 I.U per g. For the molasses-salts medium, the 
vitamin Bi content varied from 3 to 4 I.U. {E. vernalis, excepted); for the 
glucose-salts medium, the vitamin Bi content varied from 2.5 to 3.3 I.U. 
(omitting E vemahs). 


T^bie 04^ — Approximate Amoint op Vitamin Bi pfr Gram Drt Yeast' 



Gram medium, 

I U 

Molasses-salts 
medium, I.U 

Glucosc-salts 
medium, I U 

Bakers’ yeast A 

<10 

<3 

3 

Bakers’ yeast B 

10 

3 

<3 3 

Brewers’ yeast A 

10 

<3 

<3 3 

Brewers’ yeast A (medium auto- 




claved) 

10 



Saccharemyeta logoi 

10 

<3 

<2 5 

irtUia anomala 

<10 

4 

<3 3 

Eniomyeea vertiaha 

7 

5 

7 


■ D»ta (torn the invr>tit*iione of i’svteL end hio r«KoiLer> 


Tlie superiority of the grain medium from (he point of view of vitamin 
Bi production is evident. Both the grain an«l the molasses media con- 
tained Vitamin Bi before inoculation with yeast, while the glucose-salts 
medium contained none 

The indications are that yeast will abstract vitamin Bi from the 
medium, when it is thus available, in preference to synthesizing it ‘ 
The addition of vitamin Bi ciystals, yeast concentrates of Bi, nucleic 
acid, or liver extract increased the yields of the vitamin produced by 
bakers’ j’cast, strain B, from the glucose-salts rae<lium (Nucleic acid, 
which contains no vitamin Bi, was useil because it was believed that it 
might function as a precursor of the \itamin *) 

Apparcntl}’ yeast is able to resynthesize vitamin Bi from its decom- 
position products, for the ilcstniction of the \ itamin in grain medium by 
prolonged heating at pll G <lid not dccrca«5c the yield of the vitamin * 

' Fi**! nrn, .V M , Brewers 13: 37 (No lOl (193SI 

‘PAArFK.r L.W II PirrERsoN, anil (■ \ rL\EiijE\i Iml Rng , 29 : 530 
(1937) 
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The vitamin Bi potency of yeast is increased when aeration is nut 
used, but the yield of yeast is small under such conditions. 

Riboflavin Synthesis by Yeasts. — ^Riboflavin (vitamin B?, vitamin G, 
lactoflavin) has the empirical formula CitH 2 oN <06 and the structural 
formula indicated below: 


CH*OH 

HO-i— H 

HO— C— H 


H.C— C 
H,C— i 


H H— <5— H 

" V 


V V 




When in the form of a crystalline yellow-orange powder, it is bitter ju 
taste and practically odorless. 

Rogosa* has shown that lactose-fermenting yeasts have the ability to 
synthesize riboflavin when grown on a riboflavin-free medium The 
results of some of his findings arc summarized in Table 05 which follo\iS. 


Table 65. — Quantity of Riboflavin Svnthesieeo by 
Ye.^sts’ 


Culture 

Saecharomyees anamensis No H5 
Type F No 93 

Moniha pieuc{a(ropt<xilis (CasteWaniJ No. 32 
Mycolorula ladis No 130 
Saecharomyees lactis No. 131 
Torulopsts kefir No 149 
Zygosaccharomyces laciis No. 90 
Z lactis No 27 
Torula sphaerica No. 13 
T laclosa No 168 
T cremorts No 2 
Saecharomyees fragilts No. 15 
>Rooosa M, Jtur Bact , 48 (No 5) 459-460 (1942) 


Some IiACTosE-rERVENTi’^o 

Ribofljnn 
synthesized, 
7/mI. ofeu/ture 

0 OS 
0 08 
0 06 
0 OS 
0 09 
0 10 
0 00 
0 10 
0 09 
0 n 
0 06 
0 09 


’ Rooosa, iil , Jour. Bad., 46 (No. 51: 459—460 (1942). 
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Production by Ashbya gossypit . — ^The formation of riboflavin by 
Ashbya gossypii was recognized by Guilliermond, Fontaine, and Raffy.* 
Production of this vitamin by a variant of A . gossypii has been studied by 
Wickerham and his associates.* In preliminary experiments, they used 
two media. One of these contained 0.3 per cent powdered yeast extract, 
0 5 per cent peptone, and 2 per cent ccrelosc. The pH of this medium 
was 6.8 to 7 0. The second medium was of the same composition except 
that it contained in addition 0 3 per cent of Stimulflav, a commercial 
preparation of dried distillers’ solubles. The pH of the latter medium 
was adjusted with KOH to G 8 to 7.0. 

Aeration, obtained by passing air through the medium or by agitation 
on a Ross-Kershaw shaker, increased the yields of riboflavin over unaer- 
ated cultures. An aeration rate of about 75 ml. of air per 400 ml. of 
medium per minute appeared to be optimum Incubation was at 26 to 
28®C. Foaming was prevented by the use of 3 drops per culture of a 
1:1,000 concentration of octadecanol in lard oil. 

Yields of 381 y of riboflavin per milliter were obtained in 8 days from 
A gossypit, NRRL Y-IOSG, in a 2 per cent ccreJose-yeast e.\tract medium 
aerated at the rate of 75 ml. of air per minute per culture The yield of 
riboflavin as increased from about 70 y per ml. to 120 to 130 y per ml. in 
4 days by the addition of 0.3 per cent of SUmuflav and 0 1 per cent of 
calcium carbonate to the yeast extract medium and by aeration at the 
rate of 76 ml of air per minute per culture. 

Wickerham and his associates found that sucrose or maltose (but not 
lactose) could bo substituted for cerclose; that sugar concentrations 
greater than 2 per cent gave poorer yields; and that it was not necessary 
to remove iron from the medium in order to obtain good yields. 

Production by Eremothecium ashbytt .- — Riboflavin is produced indus- 
trially from Eremothecium ashbyii a yeast-like organism belonging to tho 
Ascomycetes. The latter was described by Guilliermond (1935), vho, 
together with Fontaine and Raffy (1935), noted that it produced a yellow 
pigment related to the flavin group. Mirimanoff and RafTy (1938) 
extracted the crystalline flavin from E. ashbyii. It was found by Schop- 
fer (1944) that E ashbyii required biotin, inositol, thiamin, and some 
constituents of peptone for growth and that riboflavin production vas 
stimulated by peptone. 

Riboflavin production has been described in patents. In one method 
described by Rudert (1945), it is produced by E ashbyii from sub- 

‘ Cuii-UEnMOND, A, M FovTAiNr, i»nd A Rafft, Compf rend aend tei Pane, 
201: 1077 (1935) 

* WicKERiUM, L J,M n Flicrisoeii, nnd R M Joh.sstox, .IrcA Rtochem , 
9:95 (1946) 
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stantially carbohydrate-free media. Based on the total weight of 
nutrients, the medium contains 10 to 90 per cent of proteinaceous mate- 
rial, a metabolizable lipid, and nutrients such as peptone or a combina- 
tion of salts (0.05 per cent KHaPO*, 0.07 per cent IVfgSO^-THjO, O.lOper 
cent NaC'l, and 0.001 per cent FeS04'7Ha0). E.vaniples of the media and 
lipids used, and 3'ields obtained, arc shou'n in the follou-ing table; 


Tablk GDa, — ItrnoFnviV Paoot'mo.v mow DirrEREXT AtEeiA* 


LjpUl soarce 

Crnms/ 
100 ml 

iVptonc 

2.4 R./lOOml 
{micrograni'i/ml,) 

8.1118 and 
egg alliumcn 
(OCg/lOOml.) 
(micrograms/ml.) 

Com 0)1 

0 0 


178 

.Mazoln oil 

0 0 


113 

Olive Oil 

0 R 

110 


Peanut oil 

0 0 


107 

0000.1 Oil 

0 G 

l$4 




' Rcozar, F J . U S Pat«ftt Apr. S4, IW5 


In caro’ing out production, the following procedure is illustrative of 
Rudert's invention: The media are adjusted to an initial pH of 5.6 to 7 5 
and dispensed in containers to give a depth of 0.5 in., sterilized at 20 
Jb. pressure for 45 mm., cooled toSO^C., and inoculated with 0.7 percent 
of an active culture of asAbt/ti, Dunng production the temperature is 
maintained between 20 and 34®C. and the medium is aerated with I 5 to 2 
cu. ft. of sterile air per minute per square foot of mash surface. At the 
end of 50 to 90 hr the conversion is complete and the final pH is usuall> 
G.5 to 7.2. The dried residues contain 200 to 6,000 micrograms per g 0 
riboflavin. 

In a patented method, described by Piersma (1946), E asTibyh^^ 
growm on a medium contaiwng animal proteinaceous material, a car o- 
hydrate and malt extract. The proteinaceous material may be 
pancreas, spleen, lung, liver, or other substance of related nature, 
carbohydrate source may be glucose, maltose, sucrose, molasses, com 
syrup, etc., or a combination of several of these. The coocentra 
employed may be 1 to 5 per cent proteinaceous material, 0.25 to . 
cent carbohydrate, and 0.5 to 5 per cent of malt extract (optimum 1- 
2 0 per cent). The pH of the medium is initially 5.5, and the tempera u 
27 to 30“C. O.vygen is supplied by aeration. The yield of ribo ' _ 

generally 150 to 500 y per ml. of medium; for example, m a gr 

ing 4 per cent liver cake (residue from aqueous e.xtract of li%er). 
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cent feUcrose, and 1.75 per cent malt extract, the yield of riboflavin was 
304 7 per ml. in 88 hr. 

Production by Candida Species . — The production of riboflavin by 
species of the genus has been studied by Burkholder (1943, 1944), 

Tanner, Vojnovich, and Van Lanen (1945); Tanner and Van Lanen 
(1947); and others. 

Burkholder (1943) found that C. gudliermondia grew and produced 
riboflavin satisfactorily in media containing dextrose, mannose, levulose, 
or sucrose. Asparagine and glycine were suitable and relatively inexpen- 
sive sources of nitrogen for riboflavin production. 

Burkholder (1944) patented a process for producing riboflavin from C. 
guilhermondta {K.T.C.C 9058). A medium of the following composition 
proved to be "highly satisfactory'": 


KHaPOi 

Grams/ 

Liter 

0 5 

Boron* 

Parts per 
Million 

0 01 

MgSO^ 7H,0 

0 5 

Manganese' 

0 01 

CaCl,2H,0 

0 3 

Zinc' 

0 07 

(NIL), SO* 

2 0 

Copper' 

0 01 

KI 

0 1 

Molybdenum* 

0 01 

Asparagine 

2 0 

Iron* 

0 01 

Dextrose 

20 0 

Biotin* 

1 microgram 

* Supplied aa chlorides o 

r eoluhk salts 




* Supplied as methyl ester or crude concentrate 

Most suitable results were obtained when the pH was adjusted to 6 0 
to 6.0, although the range of 5 to 7 was satisfactory'. The temperature 
was 30®C. Increased yields of riboflavin were obtained by adding small 
amounts of sterile potassium cyanide or cyanide gas to the medium after 
vigorous fermentation was obtained, usually after 24 hr. The fermenta- 
tion time was 6 to 7 days. 

Tanner and Van Lanen* have patented a method for producing ribo- 
flavin from Candida fiareri The method briefly’ consists of growing 
under aerobic conditions at 30®C. for about 7 days C. Jlareri, or other 
suitable Candida species, in a medium containing a fermentable sugar, an 
assimilable source of nitrogen, non-iron inorganic salts, biotin, and less 
than 10 3 micrograms of iron per 100 ml. 

The preferred species of Candida arc C fiaren and C. guxlhcrmondia, 
but other suitable species may' be used. 

It IS essential to use great care m controlling the iron content of the 
medium, for iron exerts a critical influence on the yield A Joiv iron con- 
tent may be obtained in several ways, among which are the following. (1 ) 

iTAVNrR,!' W.jR.amlJ -M VanLsne.n,US Patent 2,421,005, July 15, 1&J7. 
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by the treatment of the medium by its passage through an ion exchange 
apparatus for the removal of iron (for example, with the use of Nalcite 
MX, Nalcite iron remover, or Nalcite AX^); (2) by the selection of the 
ingredients of known low iron content; or (3) by the treatment of the 
medium with chloroform and 8-hydroxoquinoIine. In the latter pro- 
cedure, the medium (about 200 ml. of the basal) is shaken in a separator)' 
funnel with a mixture of 10 mg. of S-hydroxoquinoline in about 2 ml. 
of chloroform. The mixture is allowed to stand until the chloroform 
separates out, after which the latter is withdranm. Additional chloro- 
form is added, the mixture shaken and allowed to settle, and then the 
chloroform separated out. This procedure is repeated, 8-hydroxoquino- 
Iine being added in alternative extractions, until the chloroform layer 
that settles out appears to be colorless, which indicates that not more 
than 0.3 microgram of iron per 100 ml. remains in the medium. 

Various media may he used as long as they conform to the general 
specifications outlined above and contain less than 10,3 micrograms of 
iron per 100 ml. Tanner and Van Lanen, in several experiments, used a 
basal medium that contained dissolved in 200 mi. of water, 40 g, of 
glucose, 2.0 g. of asparagine, 2.0 g. of urea, 0,5 g. of KHjPO<, 0.5 g of 
MgSOt'THjO, and 1.0 microgram of biotin (free acid). This basal 
medium was treated with chloroform and 8-hydroxoquinoline to remove 
most of the iron and made up to 1 liter with triply distilled water in a 
container that would not contribute iron. One hundred-milliliter 
portions of the medium were dispensed in 500-ml. Erleameyer flasks, 
sterilized at 120*0 for 15 min , cooled, and inoculated with a suspensi^ 
of yeast cells which had been washed previously with triply distilled 
water in a centrifuge to remove loosely adherent iron. 

As an alternate procedure, the glucose is dissolved in 1 liter of water 
and then treated by passage through an. ion exchange column containing 
Nalcite MX (or other suitable iron remover). The other ingredients 
mentioned above are then added, and the pH is adjusted to 5.0 (4.5 to5 
with NaOH or other alkah. The medium is sterilized, cooled, an inoc 
ulated as described above. . . 

Tanner and Van Lanen state in their patent that various substitu ions 
may be made m the basal medium. Fermentable sugars, sue i as 
arabinose, dextrose, levulose, maltose, mannitol, sucrose, or xy 
be used. Ammonium chloride, ammonium nitrate, ammonium su p a , 
or ammonium phosphate may be employed as the source of inorga 
nitrocen, while asparagine, glutamic acid, or hydrolyzed ca-sem , 

employed as the source of organic nitrogen. Phosphorus may e 
as phosphoric acid, dipotassium hydrogen phosphate, or 

■ T..V.VSB, F W , Jn , and J. M. V..vL.»E.v, U S 2 , 424 , 003 , July ■ 
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phosphate; sulphur, as magnesium sulphate, sodium sulphate, or potas- 
sium sulphate; potassium, as dipotassium hydrogen phosphate or 
potassium sulphate; and magnesium, os magnesium sulphate, magnesium 
chloride, or magnesium nitrate. Biotin may be supplied puri/ied as the 
free acid or the methyl ester, or in its natural forms 

Agitation and aeration increase the yields and shorten the fermenta- 
tion time. 

Maximum yields were obtained from the basal medium described 
above when the iron concentration TV'as between 0.5 and 1 .3 microgram per 
100 ml. Table 06b indicates the influence of the iron concentration on the 
yield at the end of 7 days. 


Table 66b — E ffect of Irqk Covcentoation on Riboflavin Production sv 
Selected Species op Candida^ 


Culture 

Iron con- 
centration, 
micrograms/ 
100 cc. 

Dry at. 
of yeast, 
g /lOO cc. 

Dry " t of 
cell-free 
residue, g / 
100 cc 

Riboflavin, 

micrograms/ 

cc. 


0 0-03 

0 27 

0 45 

108 0 


0 5-08 


0 67 


Candida guiUiemondia 

10-13 

0 C6 

0 50 

120 0 

(NRRb 488) 

10 0-10 3 

0 89 

0 20 

7 2 


50 0-50 3 

0 92 

0 19 

3 2 


0 0-03 

0 21 

0 37 

107 0 


0 5-08 

0 67 

0 33 


r gutUurmondta 

10-13 

0 61 



(NRRL 324). 

10 O-IO 3 

0 89 

0 35 

10 5 


50 0-50 3 

0 82 

0 19 

10 0 


0 0-03 

0 42 

1 30 

195 0 


0 5-08 

0 49 

0 75 

216 0 

C flareri 

10-13 

0 55 

0 72 

21G 0 

fNRRL 24f)) 

10 0-10 3 

1 t2 

0 2R 

8 9 


50 0-50 3 

I 31 

0 52 

1 


‘TANHtn r W.Jn AtKlJ M VAnLAKtw.US Patent 3 001 July I S 1017. 


Recovery of Riboflavin. — Riboflavin may be recovered from produc- 
tion substrates by a variety of procctlurcs, many of them patented 
Keresztesy (1914) patented a procedure for extracting riboflavin with 
butanol, followwl by the n’^c of other solvents, such as petroleum ether and 
acetone. McMillan (1915) p.atented a chemical precipitation method in 
nhich a .soluble rerlucing agent anti a finelj' divided diafomaceoiis earth 
were used Hines (.lanuari'. 1915) descnbocl a method wherein ribiK 
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flavin was adsorbed on fuller's earth, silica jo!, or other adsorbent, and 
eluted with im iiUlohyde, ketone, or alcoholic solution of an organic base. 


I'AflJB fifip. — VlTAMXNK PlfOPlTKl) HV Vk^RTS 
ClI, 

K=0— NllfllCI i=c— ClI.CH.On 
Cilr— ('■ ('■— Cllr-K^ I 

IJ„ i.V 

II 

Tliiatnln hj clro^MonaV (tllarnin Dj) 


II 

i 

IIC^ 

III? l!-!! 

\ 


CII.OII 
IIO-J— II 
HO— <*•— II 
IIO-4>-II 
II II-^'— II 

I I X 

II.C— ^^ 0=0 

11,0— i <5 i i— n 

\ \ ^ \ / 

C »V 0 

RlboScitn (vtUmln Rt) 

ClltOII 

c— rooir HO— ^o— cii.on 

n,c-<! <!:h 


N 

Nirotinic BCi'J 


COOII 

i 

IIC*^ \ii 

iii in 
ill. 


p-Aniinol>eiiio 


II rir,ir o ii n ir o 


n— dv-i—i-i— i_i— i— S iii — —in 

iiiiii.iii I'l A in i,.i t-cir,cii. Oil. CH, COOII 


Vi 


I'antothsnio ai’i*! 
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Another procedure by Hines (October, 1945) related to the conversion of 
riboflavin to a less soluble form by the action of reducing bacteria, such as 
Slre-ptococcus faecahs. Dale (1947) has patented a method for securing 
crj’stalline riboflavin from the precipitates produced by the reduction of 
this vitamin to a less soluble form by either reducing bacteria or chemical 
reducing agents 

Ergoslerol and Vitamin D . — Yeasts contain ergosterol, a substance 
which, when irradiated, forms vitamin D. The quantity of ergosterol 
produced by different yeasts varies. Irradiated yeast may be produced 
in the fresh or dry condition. Ergosterol may be extracted from the 
yeasts and then irradiated. 

The vitamin D content of milk is increased by feeding irradiated dry 
j’east to cows.* 

Bunker and Harris have reappraised vitamin D milks * 

Since vitamin and ergosterol production by yeast are factors subject 
to variation, each lot of yeast must be bio*assayed in order to determine 
the exact amounts of these substances present 

Yeast may be dried under carefully controlled conditions and still 
maintain an effective vitamin content 

The feeding of yeast to persons suffering with pellagra has brought 
definite relief * Dried yeast is a nch source of the pellagra-preventing 
factor * 

INVERTASE 

The enzyme mvertaso is produced by growing yeasts. Invcrta'ic is 
used by confectioners, bakers, and sirup manufacturers It converts 
sucrose to glucose and fructose by inversion, thus making possible sugar 
content without crj'stallization taking place. 

The subject of intertase has been reviewed by Neiiborg and Itoborfs 
(1940) 
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CHAPTER X 


THE GLYCEROL FERMENTATION 

/CHiOm 

Glycerol CHOH 1 the simplest alcohol that contains three 
\cHiOIl/ 

hydroxyl groups. It is a chemical substance that has many uses in 
industry and in the arts 

In industry, glycerol is prepared principally by the saponification of 
fats and oils m the making of soaps. Synthetic glycerol may be made 
from propylene or propane A verj' small amount of free glycerol is 
found in palm and in some leas common oils. During World War I, 
approximately 1,000 tons of glycerol per month were manufactured by a 
fermentation method, known as the “sulphite process 

Historical. — In his studies of wines and beers, Pasteur found that 
glycerol was formed regularly by yeasts to the extent of 2 5 to 3 C per 
cent on the basis of tlie weight of the sugar fermented 

About three years before the beginning of World War I, Neuberg 
and his fellow workers commenced to publish some of the results of their 
studies concerned with the mechanism of the ethyl alcohol fermentation 
by yeasts Ncuberg’s scheme for the course of events during the normal 
termentation is shown in Chap V. AVliile experimenting on aldehyde 
fixation with sodium sulphite in an attempt to elucidate further facts 
concerning the mechanism of the fermentation, he discovered that a 
large increase occurred m the amount of glycerol formed when sulphite 
was adtled to the fermentation medium lie suggested the following 
reaction 

C.II.jO. + Xa,SO, + H,0 NallCO, + CH. C'lIO NnllSO, + C.II.O, 

From the preceding cijuation, 100 g of hexo'-e theoretically yields 
51 g of glycerol when 70 g of anhydrous siKlium Milphite is used At 
the same time, slightly more than 2i 1 g of acetaldehyde is fi.xcd The 
ratio of acetaldehyde to glycerol is 24 4 51, or 1 209 

‘l.Annif, J \V, "tlljctTol and Clycob,” Itrinhoid Publishing CorjKiration, 
Nc« York, 192S 
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Table 07 sliows the yields of glycerol and aldehyde obtained ivhen the 
proportions of sodium sulphite w'cre varied: 


Table G7. — Effect or Various Amounts op Sodiusi Sulphite on Yields of 
GlTCEROI/ and Aldeiitde' 


NftjSOj, ] 
parts used 

Sug-ar, J 

parts used 

Aldehyde, parts 
produced 

Glycerol, parts , 
produced 

Eatfo of alde- 
hyde to glycerol 

33 

100 ! 

11 90 

23.37 

1:1.96 

SO 

100 1 

12 52 1 

24.86 

1:1. 98 

75 

100 1 

13 39 1 

27.62 

1 I;l. 9S 

ISO 

100 1 

18. 65 

36 90 

l;1.9S 


* l^wntGi J. TV., “ Glyeerol and Ctycola,’* It^inhold nubliabiDg Cprporation, Nev Yorlc, 192S 


An examination of this table indicates thot the ratio of aldehyde to 
glycerol that Tvas obtained was fairly close to the theoretical and inde- 
pendent of the quantity of sulphite used. 

Neuberg’s second and third schemes indicate the courses of the 
fermentations when a sulphite and an alkaline medium are used. 

Methods. — Increased yields of glycerol may be secured by the use 
of acids; by acid salts; by neutral salts; by alkalies; or by alkaline salts 
Three ivell-knov\’n processes for the production of glycerol by fer- 
mentation are the sulphite process, with Tvhich the names of Connst^ 
and Ludecke are associated and which Tvas used on a large ^ 
Germany during World War I; the Cocking and Lilly process in m c 
a mixture of sulphite and bisulphite is used; and the alkaline process 
developed by EoiT in the United States. 

In all these processes the basic medium contains a fermentable sugar 
and, if necessary, added nutrient salts. The medium is inoculate 
a yeast culture and maintained at the optimum temperature or ^ 
fermentation, usually 30 to 37‘’C. From time to time during e 
mentation, small portions of the agents that cause increased s 
glycerol are added to the mash. The normal course of the fermen a i 
is altered. c n of 

The Sulphite Process. — The basis for this process is the xa lo 
acetaldehyde by sodium sulphite; 

CII, CHO + NatSO, + H,0 — Cir,-CHO IISOjNa + NaOH 

Normally acetaldehyde is reduced in large part to ethyl 
the fermentation of sugars by yeasts. But when this pre- 

becomes fixed by sulphites, a second molecule in the mash, a ri 
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duced from hexose, acts as the main hydrogen acceptor and becomes 
reduced to glycerol (see page 151 of Chap. V for the reactions). 

The effect of various concentrations of sodium sulphite on the glycerol 
yield is shown in the follow’ing table; 

Table G8 — Etfect or Variocs Concentrations or Sodium Sulphite on Yields 
OF Glycerol* 


Sodium sulphite, 
parts by weight 

Sugar, parts 
by weight 

Glycerol yield, 
based on sugar 

40 

100 

23 1 

67 

100 

24 8 

80 

100 

27 3 

100 

100 

30 1 

120 

100 

33 0 

150 

100 

34 6 

200 

100 

30 7 


iLawmc. 3 . W.. "Glye*rol and Glyeots." R«>nh«Id ruWMhmc CorForttjon, N««r York, 1928. 

Increasing the amounts of sodium sulphite caused a corresponding 
increase in the quantity of ftxed aldehyde and decreases in the yields of 
alcohol and carbon dioxide. 

Salts giving an alkaline reaction were found to increase the yield of 
glycerol, but alkaline media favored the growth of contaminants. By 
using large amounts of sodium sulphite, the danger of infection was 
eliminated 

The sulphite process that the Germans used during World War I 
was founded on the following example:' Sucrose {1 kg.), nutrient salts 
(50 g. of ammonium nitrate and 7.5 g of dipotassium phosphate), and 
sodium sulphite (400 g.) were dissolved m water (10 liters) and inoculated 
with fresh yeast (100 g ), the mash being permitted to incubate at 30“C. 
for 2 to 2.5 da 3 's. 

Although beet sugar wai used by the Germans in the sulpiute procos'^, 
It has been stated that “neither the kind of sugar nor the variety of ^•oa^t 
influence tlio fermentation.”* Yeast may he used repeatedly, if purified 
between fermentations. 

It is important to control the temperature of the fermentation, 
especially during the summer months. 

Glycerol mav be recovered by the following method cf Conn.stein and 
Liulccke * Alcohol and acetaldehyde are separated by distillation. The 
.sulphite in the .spent slop js precipitated as calcium sulphite by the addi- 

‘ Mat, O K , nnct 11 T. IlEimicK, Jnd. Eng Chem , 22: 1172 f!030) 

• Lamrip, op eil. 
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tioJi of calcium oxide, hydroxide, or chloride, and filtered out Calcium 
salts that remain in the filtrate are treated with sodium carbonate to 
form the insoluble calcium carbonate, which is removed. Technically 
pure glycerol is obtained by distilling the liquor, which contains glyccro! 
and sodium chloride mainly, under reduced pressure. 

In order to determine the amount of glycerol present in the mash, 
the filtrate from which the carbonates have been removed may be reduced 
to a sirup by e\’aporation and then extracted inth ethyl alcohol. Glyc- 
erol and alcohol are separated by the process of evaporation. The 
glycerol may then bo determined by the Zeisel-Fant isopropyl iodine 
method or distilled and weighed as such. 

For an extended discussion of the recovery and determination of 
glycerol, in which there are certain problems, the interested reader is 
referred to “Glycerol and Glycols/’ by Dr. J, W. Lawrie. 

Theoretically, a yield of 51 parts of glycerol should be obtained from 
100 parts of hexose. Yields of this magnitude are not obtained by the 
sulphite process, but considerable of the glycerol is lost owing to low 
efficiency in the recoverj' process. On the basis of the weight of sucrose 
fermented, approximately 20 to 25 per cent of glycerol, 30 per cent of 
alcohol, and 5 per cent of acetaldehyde were obtained by Connstein and 
Ludecke Actually it required usually 10 to 12 kg. of refined sugar to 
produce I kg. of dynamite glycerol by this process on an industrial basis. 

The Cocking-Lilly Process. — This process is a modification of the 
sulphite process of Connstein and Lddeckc. Mixtures of normal sul- 
phites and bisulphites of the alkali metals are added to the fermenting 
mash The fermentation time is much shorter than in the nonna! sul- 
phite process. Yields should be higher. 

The addition of bisulphites to a fermenting mash causes the ace 
aldehyde to be fixed at an earlier stage in the fermentation than is usua y 
possible and aids in neutralizing the bicarbonate formed. 

Bisulphites are antiseptic m nature 0\nng to their antisep >c 
propertie.s, they cannot be used alone in the fermentation mash in argo 
amounts. But they may be mixed nith normal sulphites to pro uce a 
combination which is neutral to litmus and which does not demons la 
too strongly inhibitory action toward the yeast. , 

A bisulphite is formed when sodium sulphite is added to a lermcn 
mash, but it reacts with acetaldehyde to form the fixation produc 

Na,SOj -f- H,0 + CO, NaHSO, + NallCO, 

\\'hen a mixture of suli^itcs (molecule for molecule) is added 
fermenting media, the reaction is as folloivs; 



THE GLYCEROL FERMENTATION 
Na,SO, + NallSO, + CO* + H*0 -+2NftHSO* + NnHCO, 
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During the fermentation, an aqueous solution of a bisulphite (prefer- 
ably sodium) is added in successive small portions, or aqueous solutions 
of a mixture of sulphites, containing increasing proportions of bisulphite, 
are added as the fermentation proceeds. The relative proportions of 
the sulphites should be such that the combination is neutral or approxi- 
mately neutral to litmus. 

The total quantity of sulphites to be added to a mash may be calcu- 
lated either on the basis of the yield of glj'cerol desired or on the basis of 
the theoretical yield of glycerol. 

The Eoff Process. — This process, one for producing glycerol in an 
alkaline medium, was developed by Eoff, Linder, and Beyer^ of the Divi- 
sion of Chemistry of the Bureau of Internal Revenue Investigations 
verc initiated in 1917 as a result of reports that glycerol was being made 
by fermentation methods in Germany. 

The Process tn Brief . — A nutrient solution containing a sugar is 
inoculated with a selected “trained” yeast and incubated at 30 to 32®C. 
An alkaline reacting compound is added to the fermenting medium in 
amounts up to approximately 5 per cent, in accordance with a definite 
schedule The fermentation proceeds usually from 6 to 7 days before 
the glycerol is recovered. 

Details of the Process — Blackstrap molasses, solutions containing 
mixtures of corn sugar and malt sprouts, and solutions of sucrose contain- 
ing nutrient salts have been used successfully as media. The optimum 
concentration of sugar is 176 to 20 g per 100 cc. Ammonium chloride 
in small amounts aids in the production of glycerol. 

Two yeasts were found to produce the highest yields of glycerol: 
Saccharomijces elhpsoideits (var. Steinberg) and S. elhpsoideus (var 
California wine yeast), the former yeast giving the best results. 

Yeast that has been •'trained” or acclimated to grov'th in an alkaline 
medium produces the highest yields of glycerol The main mash 
IS inoculated wth a starter tliat represents approximately 10 per cent 
of its volume The first culture of yea.st may be grown in a small flask. 
Training is given to the yeast by adding 0 5 to 1 per cent of sodium car- 
bonate (calculated on the basis of the weight of the solution) to the cul- 
ture The first effect is to stop fermentation. This is transitorj- 
Wlien the fermentation becomes active again, a larger volume of ma«h 
is inoculated with 5 to 10 per cent of trained j-east. Alkali is added to 
tins ma.sh, and when the culture becomes active a proportionally larger 
ma.«li is inoculated. This process is repeated until the starter eventually 

' PofK, J U , W V LiNDLR,andG P Beteb, / nd. fTny. CAm., 11:S12 (1919) 
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tion of calcium oxide, hydroxide, or chloride, and filtered out. Calcium 
salts that remain in the filtrate are treated u-ith sodium carbonate to 
form the insoluble calcium carbonate, which is removed. Technically 
pure glycerol is obtained by distilling the liquor, which contains glycerol 
and sodium chloride mainly, under reduced pressure. 

In order to determine the amount of glycerol present in the mash, 
the filtrate from which the carbonates have been removed may be rccluced 
to a sirup by evaporation and then extracted with ethyl alcohol. Glyc- 
erol and alcohol are separated by the process of evaporation. The 
gli’cerol may then be determined by the Zciscl-Fant isopropyl iodine 
method or distilled and weighed as such. 

For an e.vtended discussion of the rccoveiy and determination of 
glycerol, in which there arc certain problems, the interested reader is 
referred to “Glycerol and Glycols,” by Dr. J. W. Lawrie, 

Theoretically, a yield of 51 parts of glycerol should be obtained from 
100 parts of hoxoso. Yields of this magnitude are not obtained by the 
sulphite process, but considerable of the glycerol is lost oning to low 
efficiency in the rccovety process. On the basis of the weight of sucrose 
fermented, approximately 20 to 25 per cent of glycerol, 30 per cent of 
alcohol, and 5 per cent of acetaldehyde were obtained b>' Connstein and 
Ludcckc Actually it required usually 10 to 12 kg of refined sugar to 
produce I kg of dynamite glycerol b}' this process on an industrial basis 

The Cocking-Lilly Process. — This process is a modification of the 
sulphite process of Connstein ond Ludcckc. Mixtures of normal sul- 
phites and bisulphites of the alkali metals are added to the fermenting 
mash The fermentation time is much shorter than m the normal su- 
phite process. Yields should be higher. 

The addition of bisulphites to a fermenting mash causes the ace 
aldehyde to be fixed at an earlier stage in the fermentation than is usua j 
possible and aids in neutralizing the bicarbonate formed. 

Bisulphites are antiseptic in nature. Owing to their antisep ic 
properties, they cannot be used alone in the fermentation mash m arge 
amounts But they may be mixed with normal sulphites to pr ^ 
combination which is neutral to litmus and which does not demons ra 
too strongly inhibitory action toward the yeast. . 

A bisulphite is formed when sodium sulphite is added to a ® 

mash, but it reacts with acetaldehyde to form the fi.xation produc 

Na,SO, + H,0 -f- CO, -* NaltSO, + NallCO, 

When a mixture of sulphites (molecule for molecule) is adde 
fermenting media, the reaction is as follows: 
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Na,SO, -t- NaHSO, + CO, + a,0 2NaHSO, + NallCO, 
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During the fermentation, an aqueous solution of a bisulphite (prefer- 
ably sodium) is added in successive small portions, or aqueous solutions 
of a mixture of sulphites, containing increasing proportions of bisulphite, 
are added as the fermentation proceeds The relative proportions of 
the sulphites should be such that the combination is neutral or approxi- 
mately neutral to litmus. 

The total quantity of sulphites to be added to a mash may be calcu- 
lated either on the basis of the yield of glycerol desired or on the basis of 
the theoretical yield of glycerol. 

The Eoff Process. — This process, one for producing glycerol in an 
alkaline medium, was developed by Eoff, Linder, and Beyer' of the Divi- 
sion of Chemistry of the Bureau of Internal Revenue. Investigations 
were initiated in 1917 as a result of reports that glycerol was being made 
by fermentation methods in Germany. 

The Process tn Brief . — A nutncnt solution containing a sugar is 
inoculated with a selected “trained” yeast and incubated at 30 to 32®C 
An alkaline reacting compound is added to the fermenting medium in 
amounts up to approximately 5 per cent, m accordance with a definite 
schedule The fermentation proceeds usually from 5 to 7 days before 
the glycerol is recovered. 

Details of the Process —Blackstrap molasses, solutions containing 
mixtures of corn sugar and malt sprouts, and solutions of sucrose contain- 
ing nutrient salts have been used successfully as media The optimum 
concentration of sugar is 17.5 to 20 g per 100 cc Ammonium chloride 
in small amounts aids in the production of glycerol 

Two yeasts were found to produce the highest yields of glycerol 
Sacckaromyces ellipsotdeus (var. Steinberg) and S cllipsotdcus (var 
California wine yeast), the former yeast giving the best results. 

Yeast that has been “trained” or acclimated to growth in an alkaline 
medium produces the highest yields of glycerol. The main masli 
is inoculated with a starter that represents approximately 10 per cent 
of its volume The first culture of yeast may be grown m a sniall flask 
Training is given to the yeast by adding 0.5 to 1 per cent of sodium car- 
bonate (calculated on the basis of the weight of the solution) to the cul- 
ture. The first effect is to stop fermentation. Tins is transitor}’. 
^\^len the fermentation becomes active again, a larger volume of mash 
is inoculated with 6 to 10 per cent of trained yeast Alkali is added to 
this mash, and when the culture becomes active a proportionally larger 
mash is inoculated. This process is repeated until the starter eventually 

‘Hofp.J R , tv. V. Lindek, and G F. DETi:n,/B<t , ll:&t2 (1919) 
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seemed is sufficiently large to seed the main mash. For further details, 
the reader is referred to the report submitted by Eoflf, Linder, and Beyer 
to tlie Commissioner of Internal Revenue on May G, 1918. The facts 
contained in this report were reproduced in the Journal of Induslml 
and Engineering Chemistry, 11 : 842 (1919). 

Sodium carbonate in the form of soda ash is preferable for use in the 
fermentation on account of its comparatively low cost^ although potas- 
sium carbonate produces rcstih.>i that are just as favorable. Sodium and 
potassium hydro.vides, sodium perborate, and other substances may he 
used also to produce alkalinity. Not much more than 5 per cent of 
sodium carbonate (calculated on the weight of the mash) should be used, 
for otherwise the fermentation will be permanently inhibited. On the 
other hand, tlic liigbcst possible concentration (close to 5 per cent) of the 
carbonate should bo employetl, for the yield of glycerol is increased by 
increasing the alkalinity of the mash almost to the limit of endurance 
of the yeast. The final amount of alkali in 100 cc. of mash may be 
equivalent to 95 cc. of normal sodium hydro.Wdc. 

As soon as the fermentation become.** vigorous, sodium carbonate is 
added ns a solid. A precipitate forms after the addition of the carbonate, 
and the evolution of gas temporarily' ceases. Tlie precipitate disappears 
gradually', and fermentation again proceeds. Thereafter sodium car- 
bonate is added in as large amounts and as rapidly as the yeast 
tolerate. Usually the alkali is added in accordance with a definite 
schedule. EolT was in favor of adding it in 5 portions? the first portion 
containing approximately' 12.5 per cent of the total carbonate to ^ 
added, the second portion, about 22 per cent; the third, about 31 prr 
cent; the fourth, about 22 per cent; and the fifth, about 12.5 per’ 

During the fermentation the temperature should be kept within f 
limits of 30 to 32°C. in order to ensure high y'iclds. 

From 20 to 25 per cent of the sugar of the mash is converted to g yr- 
erol, while considerable quantities of ethyd alcohol and carbon loxue 
are produced . 

Eoff and his associates obtained successful results from the fermen 
tion of mashes of 2,000-gal. capacity. , „ 

The I,' .• -!■ .• • 

Hickey' . ^ • . 

m which ammonium sulphite and/or ammonium bisulphite 
excess The pH is maintained at about C.8 by means o a p rcc 
controller, using sulphur dioxide or sulphurous acid. 

' Fulmeb, E. I , L. a. ITNDEBKOFxeB, and R J. Hickev, U S. Paten , 

Mar. 4, 1947. 
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The process 5s carried out as follows A medium, of ^vl^ich the one 
described below is typical, is prepared 


Ingredient 
Sugar (as dextrose) 

Corn steep liquor (heavy) 
NH.Cl . 

KsHPOi 3H,0 
KHjPO* 

MgS04-7IIj0 . 

CaCl* 


I^ eight per I.iter 
150 g 
2 0-1 5g 
1.5 g. 

0 75 g. 

0 75 g. 

. 0 2g 

0 1 g 


Ammonium sulphite and/or ammonium bisulphite is used in an amount 
equivalent to 60 g. of SOj. The pH of the medium is adjusted to 6.5 
The medium is then inoculated with a culture of yeast acclimatized to 
ammonium sulphite. An amount of inoculum representing 10 per cent of 
the volume of the medium is satisfactory. After the fermentation 
becomes active, a portion of the ammonium sulphite and/or bisulphite is 
added; a 5-g portion may be added, at mter\’als of approximately 0 hr. 
The sulphite may be added as a solid or os ammonia or ammonium 
hydroxide combined with sulphur dioxide or sulphurous acid. 

In recovering the glycerol, there is added a quantity of calcium 
hydroxide in excess of that required to make the medium alkaline The 
volatile substances are removed by distillation, and the ammonia, 
acetaldehyde, and ethanol are separated The solids may be removed by 
centrifuging or filtering, after which carbon dioxide is added to precipitate 
the calcium in solution. Tlie precipitate of calcium carbonate is removed 
by centrifuging or filtering. Glycerol remains In the residue 

In an earlier patent, Fulmer and his associates’ described a process for 
producing glycerol in an acid medium containing magncaium sulphite as 
the aldehyde-fixing agent The pH was maintained at 0.5 with a pH 
recorder-controller, by using 60 per cent acetic acid. The fermentation 
A\as complete in 9G hr Yields were obtained of 23 15 per cent of glycerol, 
based on the de.xtrose used 

The Schade-FSrber Process. — Schadc and Farber,* and Schade* have 
patented processes for producing glycerol in which tiip volatile constit- 
uents are removed from the fermentation medium by bubbling nitrogen, 
oxygen, or air through it. The pnncipal volatile substances are ctiianol. 
carbon dioxide, and acetaldehyde They may be recovered by passage 
through special scrubbing towers. 

' Fi’i-MEB, E. I , L A. Unperkofler, and R J IIicket, U S P.itcnt 2,3S.S,8I(>. 
No\ 13, 1915 

* SniADE, .\ I. , niul E FARnEii, U S Patent 2,414,828, Jan 28, 1917 

^SoiiAPE, A I-,rS Patrnt 2,428,786. Oct 7, 19«7 
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In one process glycerol is produced in the presence of magnesium 
carbonate The pH is maintained beUveen 7 and S by the addition ol 10 
to 20 parts of magnesium carbonate for each 100 parts of fennentaWe 
carbohydrate present initially in the medium. For e.tample, 10 liteis of 
medium (obtained by hydrolyzing wheat) containing 1,700 g, of rcducin" 
sugar were added, together with 170 g. of compressed yeast (of 72 per coni 
moisture content), to a fermentation vat that was equipped nilh a 
stirrer, a gas disperser, and gas outlets. The vat was located in a room 
mamtamed at a constant temperature of 32“C. The m«lmm was aoralni 
at the rate of 1 liter per min. The pH was kept in tlie range 7.0 to 7.2 In- 
the addition of a total of 170 g. of magnesium carbonate. Within 20 hr., 
a most all of the fermentable sugar had been consumed. A yield iv.ai 
obtained of 310 g. of pure glycerol and 400 g. of yeast, which could be 
reus-ed. 


In a second process, the volatile prtxlucts are removed as tliey arc 
produced and the pH is maintained between C 9 and 7.3 by the adchiion of 
neutralumg agents, such as hydroxides, alknline-rcacting pliospliafc*. 
carbonates of the alkali metals, etc. It is claimed that meclin contalninp 
^ carbohydrates may be fermented in 12 to 24 hr. at 34 
to 37 C. In one example, 10 liters of a solution containing 1,000 g. trf 
reducing sugars wore placed with 100 g. of compressed yeast of 72 per coat 
moisture content in a vat equipped and aerated as described nbo\'c. TliP 
pH was maintained at 0.9 to 7.3 by the addition of a 5 per cent solution of 
sodium hydroxide. Within 12 hr., 795 g. of the fermentable sugar had 
been consumed. There were recovered 310 g of yeast (72 per cent 
moisture) and 150 g. of pure gli'ccrol. 

Glycerol from Molasses. — Duchenne’ revealed that glycerol ivas l»cinR 
produced from molasses on an industrial scale in South Africa, using an 
alkaline fermentation He described the production of glycerol, tNnp 
calcium sulphite, and reported that a sugar faetoiy that uroducnl 
tons of mola.sscs a year could manufacture 6 tons of glycci • and 1,0(K) pal. 
of ethanol each day 

Glycerol from Hydrolyzed Starch-containing Materials.— 
studied the production of glycerol from starch-containing materials 
sodium or magnesium sulphite Enziine-saccharificd slarcli-cotitaininp 
materials were iinsatisfactoo' for glycerol production, smcc m:lUo-c^\^^ 
tlie chief cnd-prcKluct and maltose, even In pure form, \\a‘' fermented 
slowly. Aeul-hydrolyzed com starch or drj’-millctl com prwUicts 
satisfactory for glycerol production. With magnesium sulphite, vM 
■Di-ciiENNE, j o, Pror. JWA .-Inn Cofiffrris S .l/rimn 5uj;of .!»*«■■. 

pp (Apr 21-23, 1012) 

*I.r.KS T M , /©u-a State Coll.f Jtmr. Snence, 19 (No. 1) 3^^ (lytt). 
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22 to 24 per cent glycerol (on the basis of dextrose) were obtained; with 
sodium sulphite, yields as high as 30 per cent were secured. However, it 
was necessary to use large inocula of yeast and high concentrations of 
sodium sulphite to obtain yields above 25 per cent. 

Schade and Farbcr,* and Schade* used hydrolyzed wheat and other 
grains successfully for glycerol production. 

Theoretical. — According to Neuberg’s scheme for the production of 
glycerol in an alkaline medium, 1 molecule of acetic acid is produced 
until each 2 molecules of glycerol: 

2C,HuO, + HiO » Cir.COOH + 2C,H,0, + CjHiOII + 2CO, 

The ratio of glycerol to acetic acid is 184-()0, or 3.07:1. Some actual 
ratios varied from 2.91 . 1 to 3 12 1.* 

Glycerol from Synthetic Sugar. — ^Ludecke* has patented a process for 
producing glycerol from the sugar or sugar sirup derived from the con- 
densation of formaldehyde in an alkaline solution. (For details of the 
condensation process, consult German Patent 59023G ) 

Uses of Glycerol. — Glycerol finds a wide variety of uses. These 
include its use as a solvent; as a sweetening agent; as a constituent of 
ointments, lotions, antiseptics, adhesives, and inks; as a food; and as an 
antifreeze agent. It is used in the preparation of biological media and 
nitroglycerine * It may bo used in the manufacture of synthetic rubber, 
glycenne-lithargc cements, and modeling clays.* New uses for this 
tnhydne alcohol are continually being found * 

Further Information. — Additional information concerning the glyc« 
erol fermentation may be obtained by a study of the publications 
listed at the end of this cliapter. Much valuable data will be found 
in the patent literature, especially that of Germany. Some patents have 
not been published in the latter country owing to their secret nature 
References on Gljcerot Fermentation and Gljcerol 
DvrncNNK, J O . Manufacture of Gljccrin from Sugar by Fermentation, Ptoc IGih 
Ann Congresa S African Sugar Trchnol /!»*<»<•, pp 45— 17 (Apr 21-23, 1942). 
r.of r,J n , V I.iNDrn, and G F Beteb Report to the Commissioner of Internal 
Rc\ enuo, U S Dept of the Treasury, May 6, 1918 

, , and : Production of CIj'ccrin from Sugar by Fermentation, 

Ind Eng Chem , II : 812 (1019) 

Gi ii.iJtUDEU, A • Gljccrol-Liberation, Kccoverj, and Itehning, Ind Eng Chem , 29: 
72<) (1937). 

' Ia)c at 

cit 

•LOkicke, K , German P.ntent 658017, .\pr 27, 1938 

' I,r<isni, M A. and J R Mvupht, Ghtenne, Im Prnfrtawtial Pharmaeisl, 
June Jiil\. \iigU'<t, 193() 

* "(iljeerine Farts,” Gljccrmc Producers’ tsaoeiation, Xrw York, 1949 
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CHAPTER XI 
THE BACTERU 

Bacteria, like molds, because of their great range of types and the 
variety of their action, may be very useful, extremely harmful, or, so 
far as present knowledge goes, of no particular significance to man 
It IS well knoAvn that bacteria cause diseases in animals and in plants, 
decomposition of foodstuffs, and are responsibie for many biochemical 
changes in nature. Some of the useful applications of bacteria arc con- 
sidered in the chapters that follow 

The bacteria that are used in industr>' may be divided by their 
relation to free oxygen into two mam groups* the anaerobic bacteria and 
the aerobic bacteria The former group, which may be considered to 
include also the microaerophilcs, includes the largest number of useful 
types of bacteria from the industrial standpoint Bacteria active m 
producing butanol, acetone, ethanol, isopropanol, lactic acid, fermented 
milk products, cheese, and other substances of recognized or potential 
value are included in this group, although not all the organisms concerned 
in the production of some of these compounds arc anaerobic m character. 
The outstanding aerobic bacteria include the well-known Acetohacier 
group of bacteria, some of which have the ability to produce acetic acid, 
gluconic acid, dihydroxyacetonc, sorbose, and other substances fiom 
suitable substrates by oxidative means. Among aerobes, also, may be 
placed the organisms concerned m the acetono-ethanol fermentation 

Tabic 09 gives data concerning some important fermentation bacteria, 
the fermentations irith ivhich they are associated, their oxygen rclation- 
slup's, and the optimum temperatures for their growth and biochemical 
activity 

Table 70 lists some of the products of bacterial fermentation, some of 
the materials from which these arc formed, and the general class of llic 
bacteria concerned. 


309 



310 


INDUSTRIAt, MICROBIOLOGY 


and Optimum TE\tpEK<TUREs for Growth 


Family 


Aeelohacttrxacertt Berg«-y. j AttlDbaeler ioRiigiU 


Breed, and Afurray 

XPteudomonadaetae i 
ed of Dereey 
Manual ) 


Laetohaeieriaetat Orla-Jen- 
■en 

Tribe <S<rep(0eoee<ae 

TrA« Laetebceillw 


Genua and apeeiea 


Fermentation* nitli 
which commonly 
asaociated 


Relation* 
I thip to air' 




A ry/iaum 
ifoetenuiQ eureum 
S<iet. orltanente 

Baet *ekutsenb<tchit 


Gluconic acid j Aerobic 

DiAydroryacetone, for- ( Aerobic 
boae. acetic acid, glu* 

. come acid, etc. 

Sofboae. acetic and. etc. 

V’lnecar fquiet proeeae) 

Vinegar (Orlean* and 
quick proeeaaea) 

Vinegar (quick proceai) j 


[optimuoi 
tempera* 
ture, T.' 


Baciltaeeae Fiachei 
Genua I 


Liueottatioc nttenlerotdet^ 
Slrfpiocoeeu$ ioet$t 

IfOeloboeHiug aeuiapkOuo 
' l<telobac<Jlu* ^id^neu# 
t hrtni 

L tout \ 

j L. delbruteini 
h ieicAm>iani> 

L -plantnrum 


, Froptanibaetertun/rcud- 
, enreicAif 
' P chirmonn , 
etc.' 


BocHlutA waeeraa# Schar • 
dingeil 

B ae/forthtlteut Nor- , 
throp eh (probaUyl 
identical intbf. mace-’ 

I ronr) ’ 

I Ciottridium «c*{o6utsl»- 
C117I McCoy. IVed. 
Peterson, & Haating* 

Cl. but^ncum Praamow- 
cki 


Sauerkraut 
; Lae tie aeid 

Acidophilua mdk 

Milk products, lactic 
acid , 

Milk products, saun-l 
kraut, enadage, etc 
Lactic acid 


Aerobic 
, Aerobic 
' Aerobic 

Aerobic 


^3-30 

20-30 


' FaeultafiTC 
aerobic 
FacuUstira 
aerobic 

Microaero* 

pbilic 

Aerobic to, 
anaerobic 


I Lactic acid 

' Lactic acid 

' Sauerkraut, pieklea, milki 
' produetc, etc. j 

I Swisa cheeee, propionicj 

Propionic acid. 


Cl /tlitnrvm 


' Etbanoi-acetono 
Ctlianol.«cetona 


Butanol-acetone 

Bueanol-acetone 
:»e^»Ti g , butanol-acctonej Anaerobic 


Microaero 1 3 
I pbilie 

' Afieroaero* 45 . 
philic 
Microaero- 
pbilic 

Aficroaer^ 

I yh'iic 
I Anaerobic J 

ADaerobio 


Aerobic 


42-45 

4l>-43 


Bergey’s Manual of Oetermiiiatire Bacteriology," Ctb «d . Tbc * 

IVilkina Company. Baltimore, 1948 
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Table 70. — Probucts of Dactehial FsR^tENTATioy 


Fermentation product 

Materials from which formed 

Organisms causing change 

Acetaldehyde 

Sugars, ethanol, pyruTic acid, etc. 

Acetic acid and butanol-acetona 
bacteria, BicAcncAio coft, etc. 

Acetic acid 

Ethanol, glucose, ceBuiose, etc 

.Acetic acid, beterofcrmentative lac 
tio acid, butsnol-scetone, isopro- 
panol, propionic acid, and cellulose* 
fermenting bacteria, E.eott 



Butanol-atetone bacteria 

A ....... 

Starch, sugars, seetoacctM acid. 

Dutanol*acetone, ethanol-acetone. 


acetic a<id> tsoptopanol 

. isopropanol, and aeetie acid bac- 

Acetylmethjlearbinol. . 

2 S-butyleneglycol, sugars, pyruvic 

Atrobacter aerogent$, butanol-ace- 



1 tone and acetic acid bacteria 

Butanol 

Starch, sugsrs, butyric acid. etc. 

1 Butanol-acetone and isopropanol 

1 bacteria 

Butync acid 

Starch, sugsrs, cellulose, acetic and. 

1 Butyric acid and ceUulose-ferment- 

etc 

' ing bacteria 

2 3-butyleneglycol 

Glucose, diacetyt 

A. arrogtKti 

Carbon dioxide 

Starch, lOgsre, etc. 

Butanol-acetone, A. aeregents, E 
cofi, and many other bactena 

Dihydroxyaeetone 

Glycerol 

Aeetie and bactena 


Sugars, starch, cellulose, acctalde* 

rermoftarleriain mohCt landner. 


hyde. etc. 

butanol-acetone, ethanol^ectODe, 
heterofermentalire lactic acid and 
cellulesMermtoting bacteria • B. 
coll, etc. 

Fornue and 

Glucose, cellulose, etc. 

Butync, eellulose-feriDentiog bacs 
isna. B. cofi. etc. 


Mannitol 

Acetic and bactena 

Oalaetonie acid 

Galactose 

Acetic acid bacteria 


Oulcitol 

Acetic and bactena 



Acetic and bactena 

Glycerol 

Glucose, etc. 

neterofermentatiTe lactic acid bac- 
tens 

Glyrerophoepfaone acid 

Tnoaepbosphone and 

lactic and bactena, B cofi 

Heaoeediphoaphata 

Glucose 

lactic and bactena, B. colt 

Uydrogen gaa 

Olueoae, lactose etc 

butync and bactena, eoton-aero- 
genes group, and other bactena 


Starch, sugar# 

IsQpropanol-acetonu bacteria 


Gluconic and (glucose) 

Acetic and bactena 


Gluconic acid (glucose) ' 

Acetic acid bactena 


Glucose, fructose, etc j 

Acetic acid bactena 


Starch, sucrose, glucose fructose. | 

lactic and, propionic acid, and cel- 


etc 1 

lulose-fermentmg bactena, E. cofi. 

Mannitol . . . 

Fructose ^ 

KetcrofeemeutaUve lactic and bao- 



Acetic and bacteria 


Msnnitol 

Acetic and bactena 

M etbylglyoxal 

Sugars, becosedipboiphate. etc 

Aeetie and, butsnol-acetonr, lactie 
and and propionic and bacteria; 
E cofi 

rhoephoalycenc an | 

Sugars, hegn^diphoepbate 

lactic and bacteria, B. soft 



Oulanol-acelone bactena 

Propionic and 

Glucose, propapol, bctic and. gly- 

Propionic and and acetio and 




Ptopionaldehyde 

Glucose glyeerol 

Propionic and bactena 



Duet rAsmnaei/mnenfoiu 

PyruTiO and 


Butync. lactic, sod propionic arid 
bactena. B. eoft 


Sorbitol 

Acetic and bactena 

Fuennicacid 

Glucose, fructose. lactose, and other 

Propionic acid bactena, E. cofi. etc. 




d Taruric arid 

Glurrse 

,A evhorvdoas 



CHAPTER XII 

THE ACETONE-BUTANOL FERMENTATION 

There are a number of closely associated fermentations brought 
about by bacteria, which differ in respect to the quantity and nature of 
the end products and the conditions necessary for their successful termi- 
nation, The most important of these fermentations is that in which the 
main end products are butanol, acetone, and ethanol (neutral solvents); 
acetic and butyric acids; and carbon dioxide and hydrogen gases. A 
second important fermentation gives rise to acetone and ethanol as the 
chief end products of value. In a third 137)6 of fermentation, butanol, 
isopropyl alcohol, and acetone are produced. 

Historical. — Normal butyl alcohol was discovered ss a regularly 
occurring constituent of fusel oil by' Wurtz in 1852. Pasteur, 
was the first investigator to show that butyl alcohol was a direct produc 
of fermentation. His findings were based on the results of the butyTic 
fermentation of lactic acid and calcium lactate. In a report announcing 
his discovery he said : 

"M Pasteur . . . croit pouvoir affirmer quo Talcool butyhque e- 
un produit ordinaire de Ja fermentation butyrique ” j 

Fitz published a series of articles on fermentations from 1870 0 

Among tlicse, he discussed Bacillus hutylicus. This organism 
sporeformer and produced butyl alcohol, butyTic acid, and 
of ethj'l alcohol, cliieffy, with the two gases, carbon dio.xide ani ^ 
Glycerin, mannite fmannitol), and sucrose were fermented 
was inverted by an enzy'me secreted by the bacillus. ® 

did not form suitable enzymes for hydrolyzing starch and ac o.^c, 
materials were not fermented in their native conditions. 

In 1887, Gruber^ described three strains of organisms under 
of B. amylobacier {Clostridium huiyncum). Each of these strains 
butyTic acid and butyl alcohol from carbohy'drates. 

Botkin® isolated an anaerobic spore-forming bawl us, '' 

, . r- 'r.,.%«rv Biochent Jonr, 

‘Reilly, J,J Hickinbottom, F. R. Henley, and A U A”''®*"’ „ 

14: 229 (1920); E. McCoy, E B, Fbbd, W H. Peterson, and r- 
Jour Infectious Diseases, 39: 457 (1926) 

* Gruber, M, Cenlr Bakt Parasitenk , (1887) 

* Botkin, fi, Zeit Byg Infedion^krankh , 11:421 (1892) 
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described in 1892. This organism produced butyl and ethyl alcohols 
and did not ferment cellulose. Accordmg to Botkin, this organism is 
quite wdely distnbutcd in nature and may be isolated from garden soil, 
milk, and other sources. 

B. orlhobutylicus, an anaerobe isolated from a calcium tartrate fer- 
mentation, was described by Grimbert^ in 1893. This organism fer- 
mented glycerin, mannite, glucose, invert sugar, sucrose, lactose, maltose, 
galactose, arabinosc, starch, potatoes, dextrin, and inulin, but did not 
ferment calcium lactate, calcium tartrate, or trehalose. Butanol; a 
little isobutyl alcohol; butyric, acetic, and. in some cases, formic acids; 
and carbon dioxide and hydrogen gases were produced during the fer- 
mentation. Grimbcrt diflcrentialcd his organism from B butyheus of 
Pasteur, B. amylobacter of Van Ticghem, B. butyheus of Fitz, and Bacille 
amylozyme of Perdrix. He studied the effect of age, the condition of 
cultivation, and the duration of the fermentation on the proportion of 
fermentation products and observed with care the reaction, the con- 
centration of carbohydrate compounds, and the use of calcium carbonate 
m the control of acidity. 

In a report on butyl alcohol bacteria, Beijerinck* described species 
named by him Granulobaclcr bulyftcum, etc (Granulohoe/cr is a term 
applied to microorganisms that demonstrate a blue color with iodine and 
8hoi\ a distinct *' swelling of the cell at sporulation.”) Granulobacter 
replaced the term Closlrtdtum. 

Duclaux* in his "Sur la nutrition intraccliulairc,” discussed Amylo- 
baclcr butyheus, an organism isolated from potato The principal prod- 
ucts of the fermentation were butyl alcohol, acetic and butyric acids 
(and lactic acid, sometimes), and the gases, carbon dioxide and hydrogen, 
m general He found that the use of calcium carbonate m media caused 
the production of acids, vhile Us absence favored the production of 
alcohols In the same paper, he discusscil also A, elhyhcvs, an organ- 
ism likewise isolated from potato, which produced ethyl alcohol, acetic 
and lactic acids, and carbon dioxide and hydrogen gases 

In 1897, Emmcrlmg* described a facultative anaerobe that produced 
butyl alcohol from various carbohydrate substances. The fermentation 
of 100 g. of glycerin jieldcd 6.3 g of pure butyl alcohol; that of 100 g. of 
mannite, 10 5 g. of butyl alcohol. Butyric acid was olitaincd in all 
fermentations, and ethyl alcohol when glucose was fermented. 

' GniMiu.RT, M \,,Ann /n«f Pn»ffMr, 7: 3W (1893) 

’ Bfuuuvck, M \Y , t'rr/ifln'Ift ^lAa</ Trc<«Mffcoppfn.lm»fert/njn.l/((<f/.,Va^uur- 
2c Poctie, 1, no 10 (IS‘13) 

‘ 1)1 V . , .Inn /n-V Patirur, 9; 811 (1895) 

‘ Cmmmiuvo. O , /iff . 30: tSl (1897). 
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Grassberger and Schattenfroh’ in 1902 • 

motile butyric acid orcani-iin fmm < 1 . the isolation of a 

ism produced butyl ajcoliol \’o ^ ‘hat {life organ- 

experiments, hoiiX ” “ eomc later 

alcohol, etty! aLhy™?f f-“ hulyric acid. Hot,) 

the carbohydrates, sn'erosc and Ifext",!^"*''"' 

din^erlnTMr thl “ * fomentation product by Schar- 

the morphology and biologj-of 

and acetic Ld formi” ’"ocerans. Acetone, ethyl alcohol, 

ism PoLtoc “ fomentation by this organ; 

carbonate ivcre'rr ? '"n'*”®’ "‘‘h Peptone and cato'om 

“ f" ncetone. Using 

6 days Selierdi tl Pemnttiag the femienfation to continue (or 
per int bt ' “r " “Sht of acetone and SOiS 

vMds nf ireisenhdmer,* using the B. hutylkno of Fits, sccurea 

from ino r f T. ^ n-btttyl and ethyl alcohols, rcspectiwlj', 
obtained n ° inn ^tom glucoso, loic yields of these solvents were 

butvric a r ^ ^nt there ivere large quantities of 

carLTo, ‘ ® ’■•5 *0 respoctiveW. Calcium 

carbonate ,vas used in the medium m both cases. 

mbbrn c, Ptoceases.!— The need for a synthetic 

ciaJ nrn V resulted in the first successful commer' 

«'as sj'ntiiesized in 1800, but research "nas con* 
nrjj-.fr l«ie for many years because it was believed that the 

a supp y of rubber trould not be suffieient to meet the demaiidx 
^ active one in synthetic rubber research, 
nrfv?.,/if ^ Eiigland, Germany, and Russia, but after this year the 
^ plantation rubber was such that attempts to produce 
er synthetically no longer seemed feasible, 
bum P^^riod of greatest activity, the firm of Strange and Gra* 

RerJv''n ’ out the most of the investigation in England. Prof- 

r an his assistant, Weizraana, of Manchester University, and 

» K-, un<l A. SenATTENfROH, Arck Hyo., 42: 219 (1903). 

* ® Parastlenk . Aht. 11, 9 ; 43, 107 (1002), 

Pttrouienk., Abt. II, 14: 772 (1905}. 
sflAnwrr. MErsBNiiiaMEB- B ct-., 41: 1410 (1903). 

leads to Another " ’h"^ Kcllt. F. C., ''One Th»S 

•n' jj ' “OiiKhlon MjfBitt Company, Boston, 1936, Apzberoer, C. ■< 

■ ^ISov.Md E B FOEI>,yoio..aoi. e*m, 44:465 (1320), 



THE ACETONE-BUTANOL FERMENTATION 315 

Prof. Fernbach with his assistant, Schoen, of the Pasteur Institute, were 
employed by the firm to carry on the research. 

Synthetic rubber at this time was obtained through the polymeriza- 
tion of isoprene or butadiene. These compounds were best prepared 
from isoamyl alcohol and n-butyl alcohol, respectively Isoamyl alcohol 
was secured from fusel oil, produced in the ethyl alcohol fermentation, of 
which it constituted approximately 87 per cent. Butadiene was eventu- 
ally considered the best material to use, and the Germans made much 
rubber from it synthetically dunng World War I 

Fernbach and Weizmann m 1911 discovered bacteria that fermented 
potato starch, yielding amyl alcohol as one of the end products Butyl 
alcohol, ethyl alcohol, and acetone were later found in the same fermenta- 
tion Fernbach classed the organism responsible for the fermentation 
as a “bacillus of the type Fitz.” 

Weizmann in 1912 left the firm of Strange and Graham, Ltd , and 
continued independent research on fermentation. He isolated an 
organism which produced nearly four times as much acetone as the 
Fernbach organism and which was able to ferment starches other than 
potato starch. To Weizmann’s organism, the name B. granulobacter 
‘pectinovorum was given, but this was later clianged to Cl. aceiobutylicum, 
Weizmann 

During the years 1913 and 191-1, the firm of Strange and Graham, 
Ltd., established plants at Rainham and King’s Lynn for producing 
solvents by fermentation. 

With the advent of World War I, It became necessary to seek a 
nctt means of producing acetone for use m the manufacture of cordite, 
an explosive, and “dopes" for airplane wings The government made a 
contract with Strange and Graham, Ltd , to supply the acetone, but the 
demands could not be met with the u'jc of potatoes as a raw material. 
At this time, Weizmann’s bacillus came to the attention ot the govern- 
ment and an order was issued to replace the organism then being used 
by his organism Maize was used as a raw material Distilleries were 
taken oier in England and Canada, and one was rather unsuecessfuUy 
started m India 

After war was declared with Germany, the United States purchased 
two distilleries at Terre Haute, Ind , and established there the Weizmann 
process With the termination of World War I, the plants wore clo'^ed 
l>ecau?o acetone was no longer needed in large quantities and butanol 
never liad been much in demand 

It was not long, bowever. licfore a demand sprang up for n-butyl 
alfobol in the manufacture of nutomobilc lacquer^, for n-butyl acetate 
was found to bo superior to amyl acetate. An American corporation 
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^^ns organized to carrj* on the acctonc-butonol /crmcntation in thw 
country. I^abic patent rights to the Wcjzmann and Kicard proces.^ 
of a u’orld-u-i(lc nature n*cre secured, and a nexv plant ^'as constructed 
and operated at Peoria, IlL 

In J91S, Higgins* reported the construction by the Hercules Ponder 
Company of a plant for fermentation of kelp on the coast of Southern 
California The seaweed was gathered into ships, macerated, pumped 
from tlie sliips to a tank at the factotj*, diluted with water, and fermented 
at 90®F. with addition of limestone. Acetate of lime was the chief pred- 
uct, but butyric acid was also produced. Acetone was manufactured 


from the acetate of lime. 

During the year 1919 several papers coticcming the acetone and ace- 
tonc-bufanol fermentations were puhlishe<i. Xathan* described the 
manufacture of acetone by tlie Weizniann process from such ran mate- 
rial-' as corn and horf-e chestnuts. Gill* described in detail the acetone 
fermentation by the It'cizmann organism and its technical applicatioa 
In another report he dt'^cubbcd the prwluction of acetone and n-butj 
alcohol from horse chc'-tnuts by fermentation.* Features ofthe/ennen- 
tation of luirK* ehc.'tnuts, siicb as the long period of fcrmcntalion, frothiog 
during fcnnontation and ilistilhition, and the unhealthy appearance c 
the bactena were a'-cribed to the presence of ocsculic acid or aescum 
liy removing u.s much of tlic hu.sk as pos-^ible, the fermentation was 
improved, Yields from Iiorsc chestnut.® averaged about IS per con on 
the basis of drj* meal in comparison to 2-1 per cent from maize. 

Industrial Process.— In the industrial manufacture of , 

butanol by fermentation it is usually necessary- to give the ra^. ma 
some kind of prclimmarj' treatment. Uhen com is used as t 
of carbohydrate, the germ is removed, .md the kernels arc proun 
coarse meal, for, although (he germ is of no value in the 
tion, it contains conMderablc oil of commercial importance. c 
meal is mi\ed wjti\ water to give a concentration of 0 to S per ^ j 
Fjg -IS.; It is then cooked, with agitation, ^ riVizeti 

30 lb for 2 hr The starch is rendered soluble and the . +KroU'^h 
during this treatment. The cooked mash is blowai to 

coolers, which reduce the temperature of the mash to ^ 
covered fermenters of large capacitj’ where it is inoculatec wn 
(see Fig 49> and allowed to ferment for -IS to 72 hr. Figure 
the general procedure followed in an industrial process. 


' Higgi.vs, G. a , En ^. Ckem., 10: 85S {1915}- 

* Nathan, P., Jour. Soc Chem. Ind, S8:27l-273T (1919). 

* Gill, A., Jour. Soc, Cfierrt Ind., 38: 273 ~ 2 S 2 T (1919). 

* Gill, A , op. di , 4n-413T (1919). 
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195 40 (1037) 1 

Details of the Process. Microorganisms. Clostndtum . j 

McCoy, Fred, Peterson, ami Hustings; Cf. butyricum 
'“Berpoy’a Mniiiin) of I^rtmninathe Bart^dotogi, 6th cd., 

It'itkins Compjmy, Baltimore, 1948. 
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other bacteria may be used for the production of neutral solvents by 
fermentation. 

There is, of course, a fairly number of organisms, some non- 
sporcforming, which will produce butanol, but these bacteria would be 
unsatisfactory for commercial practice for various reasons Some are 
pathogenic, some will produce only small quantities or traces of solvents, 
some are slow fermenters, some will not attack starch, some are aerobic, 
and some lack vigorous cultural characteristics 

Berthelot and Ossart* stated that of the many bacteria isolated by 
them, aerobic and facultative, which produced acetone, only a few pro- 
duced it in a quantity that was at all comparable with that of the anaero- 
bic organisms used in industry* 

A cultural study of the acetone-butyl alcohol organism embodying 
such factors as reaction of the medium, temperature, reduction of dyes, 
and fcrmentabihty of carbohydrates was carried out by McCoy, Fred, 
Peterson, and Hastings.* They suggested CL accloVutyhcum as a suitable 
name for the acetone-butanol organism of Weizmann. 

Cl. acctobulyhcum has now been adopted as the name of the species of 
Clostridium that produces relatively large quantities of acetone and 
butanol from starchy materials. Hence the Weizmann bacillus uould 
properly be designated as Cl acctobulyhcum McCoy, Fred, Peterson, and 
Hastings ’ 

McCoy* and her associates have cKassified the motile and spore- 
forming butyric anaerobes of fermentation as a nonpathogonic subgroup 
of the genus Clostndtum, uhich yields larger amounts of butyric acid or 
neutral products than the pathogenic clostndia, gives the granulose 
reaction and is catalase negative- Tlie butjTic anaerobes were divided 
into two general groups: 

Group 1. Acid end products, chiefly butyric and acetic acids — the 
true butyric anaerobes. 

Subtype A. Cl pasleunanunt type — ^nomstarch-fermenting bacteria. 

Subtj'pc B. B saccharobultfrtcus type — starch-fermenting clostridia 
and occasionally picctridia 

Subtype C Starch-fermenting picctridia 


‘ HEiiTHunT, A , ct E. Oss^iiT, Contpt rfTut , 173: 7*12 

• McCot, E., E n. Ehed, W II Ffteksov, iind E G IUstisr**, Jot/r /n/frfioi/f 
Disfaic\ 39: ^57 (I92G). 

*"lk'rKcy’a M.’xiiual of DctcrmmBiMc liactcrioIoRj Ctli «!., Tlic tMlliam>i A- 
Wilkins Companj, Ililtimorc. 11U8. 

* McCoy, tni n, rmn^os, nnd IIa^tinos. o/< nf , 46: !1S (1030). 
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Group 2. Butyric and acetic acids as intermediate products, fol- 
lowed by neutral products (alcohols, or alcohol plus acetone)— tho 
butanol organisms of industry. 

Culture Methods . — The continued transfer of a seed culture in the 
usual media results in the culture becoming sluggish, with a corresponding 
decreased yield of solvents. This obser\'ation has been made independ- 
ently by several different workers. 

It lias been shown that the most prodigious producers of solvents are 
those cultures whose spores .are in general the most heat resistant 
“Heat shocking” is a method wherein the vegetative cells and the 
weaker spores of a culture are destroj'cd. By subjecting a culture of the 
organism, in whicli the development of spores has been favoied, to a 
temperature of lOO^’C. for 1 to 2 min., heat shocking is effected 

It must be borne in mind that the severity of the treatment bears a 
direct relation to the temperature employed, the size and nature of the 
tube containing the seed culture, and the characteristics of the medium 
If one is to use thin-walled wafer tubing and a very small amount of t e 
culture, it is obvious that neither the time of shocking nor the tempew- 
ture should be excessive, since even the resistant spores may be destro} 
Weyer and Rettger “pasteurized” their butanol cultures in capj 
tubes, which were 5 cm. in length. The tubes were ^filled with 
suspensions of the spores and plunged into water at lOO^C. An e.\pos ^ 
of 45 sec. to this temperature was the limit of the tolerance of the spoKr 
The capillarj' tubes wore cooled quickly after the heat treatmen . 

Alternate heat shocking, or pasteurizing, and successive su cu u 
are commonly used to activate a culture. The medium containing^ 
seed culture is allowed to stand at room temperature for a ei' W 
encourage sporulation. New medium is inoculated irom the 
taming culture and heat shocked. Tlie surviving pores are per 
to germinate under favorable conditions and bubcultures are 
successively at daily intcrv'als for 4 to 7 days. At the en o 
the culture is again permitted to stand at room temperature ° ^ 
spore formation. The cycle is then repeated — heat treatmen , 
subculturing, rest for sporulation, heat shocking, and so ,n 

Weizmann advocated heat treating a culture 100 to 
order to improve its fermenting ability, , , 'mDOSsible to 

Underkofler and his coworkers^ have showm that it culture 

obtain good sporulation from sugar media when using or j.yljjtion 
tubes in the usual manner. They have demonstrated ^ 
could be successfully induced, however, provided the cU u^^ 

‘ Underkofler, L A., L M. Christensen, and E I. Fih-meb, 

28 : 350 ( 1036 ). 
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medium was poured aseptically into a sterile flask of such size that the 
medium was exposed in a thin layer to air, or was dried on sterile soil. 

Spores of B. granulohacier pcctinovorum, grown in maize mash, 
retained their ability to produce acetone after storage for at least seven 
years in sealed glass tubes, according to Fonler and Subramanyan.' 
The spores were subcultured successfully in jawari mash {Andropogon 
sorghum). 

In a study of six different strains of Cl. acetohxitylicum (Weizmann), 
Weyer and Rettger (1927) brought out several facts of major importance. 
Storage of spores for a period of over 6 months apparent^' decreased their 
power of producing solvents. It was possible, however, to rej’uvcnate 
the cultures by alternate pasteurization and subculturing, for pasteuriza- 
tion destroyed the vegetative forms and the veaker spores The 
most vigorous strains for fermentation appeared to be the most actiie 
sporeformers 

Cl acctobutylicum (Weizmann) was rather susceptible to various 
antiseptic and germicidal substances Spores withstood successfully 
the effects of a 2 5 per cent butyl resorcinol solution for 24 hr., but 
spores of B mesentencus were destroyed or inactivated. The apparently 
selective action of the butyl resorcinol was believed to be due to the fact 
that the Weizmann organism has a certain tolerance for the butyl radicle. 

Raw Maicnals —A rather wide variety of raw materials may bo used to 
supply the carbohydrates and nutrient substances required to ensure a 
satisfactory fermentation Starches rendered soluble by preliminaiy 
treatment, hydrolyzed starches, disaccharides, he.voses, pentoses, molas- 
ses, and sugar sirups have been used under different conditions Corn 
is, o! course, a readily available and easily fermented source of raw mato* 
rial in this country and elsewhere. Rice, jawan, bajra, and tapioca 
fctarchos, peanut and oat liulls; corncobs; horse chestnuts; arabinose; 
and ^ylo^e have been fermented by butanol organisms with vurj-ing 
degree of success Undcrkofler and others* have shown cxpcnmenlully 
that as much a.s SO per cent of com meal ma}' be rcplaml by Microbe 
or gluco-e without sacrificing high yields. Xylose may replace corn 
meal to the c-stent of 40 per cent. Thus it is possible to ferment along 
with com meal materials which, by themselves, would produce small 
yields or be fermontc<l with some difficulty. This ih a sound practice 
from the point of view of conser\’ntion and economics 

Sjolander and his coworkers* have shown that liutano), acetone, and 

‘ J'ovM.Fn, G J , V SiBnA\M\TA>, Jour Iruiian /nU Afi , 8 A 71 (t'i2i) 

• UsnrRKori-rn, riinisTr.vsi n, and Fcluer, lor rtt 

•SjoiAsnrR, N O, A K. Ii\.voLTKKr, ami W 11 I’ethisos. Hiit\l Mootiol 
I-iTnicntations of Wood SuRnr, InJ E09 Chem . SO: 1251 (lfl 2 Si 
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aminnrriD^”’ acetone was produced with loss rUianoI; when bed 
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^ ammonium salts of the mineral acids prevented f«' 
h%'-droIvc* yields on account of the aculs liberated 
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resulted -when the sole source of nitrogen in a mash was ammonium salts 
or a single amino acid Weyer and Rettger^ substantiated Speakman’s 
conclusions and stated that a complex nitrogen supply, which may be 
furnished by proteins and commercial peptones, is necessary for growth 
of Cl. acetobutyhcum and subsequent fermentation. 

Working with Cl acetobutyhcum (Weizmann), Weinstein and Rettger^ 
found that a prolamine-containing substance was necessary for the 
production of normal amounts of acetone and butanol by fermentation. 
Hydrolyzed cottonseed hulls, peanut hulls, corncobs, and the like yielded 
normal amounts of acetone but no butanol. The addition of a pro- 
lamine-contammg substance, yellow com, stimulated the production of 
normal amounts of both solvents The yields of solvents ivere higher 
than those obtained from corn alone or from the hydrolyzed product 
alone. It was ascertained that prolamine did not act as a catalyst. An 
alcohol-soluble protein was found to be necessary for the production of 
appreciable amounts of butanol from Robinson’s medium 

On the other hand, Weizmann and Roscnfeld (1937) state that com- 
plex proteins, such as peptone or prolamines, are not necessary for a 
normal butanol-acetone fermentation. They have shouTi that asparagine 
m the presence of an activator wall produce a normal fermentation in a 
semisynthctio medium The activator is a compound of low molecular 
weight of unknown composition It is possibly not a single substance. 
According to Weizmann, the activator is probably of the nature of a 
coenzyme, which may play an essential part as a hydrogen carrier as well 
as favor growth of bacteria. Insufficient anacrobiosis, absence of the 
activator, or both, led to the production of acids, principally butyric 
acid. In the absence of asparagine and the activator, the fermentation 
may not proceed at all, or very slowly The activator is found m seeds, 
green plants, and in yeast. It is thermostable. (F or a further discussion 
of this subject, the reader is referred to the publication by Weizmann and 
his associate ) 

Brown and his associates* obtained normal yields of neutral solvents 
by culturing butanol-acetone organisms in a medium that contained 
glucose, hydrolyzed casein, tryptophane, ammonium sulphate, mineral 
salts, and an “acidic ether-soluble extract” obtained from Difco yeast 
extract 

McDaniel, Woolley, and Peterson* have partially purified an accessorj’ 

* Wever, r II , nnd L F. Rettgeii, Jour Bact , 14 : 309 (1927). 

* WriNSTEiN, L , and L. F. IlETroni, Jour Bact , 23 : 74 (1932). 

•nRO\\N,R W., II G Woon, antic II \VEBK«\N,yo«r Bart , 36 ; 20C (1935) 

‘ McD^siEi., L. E , D W. WOOLLET, and W. II. reTERso.v, Jour Dae(., 37: 259 
(1939) 
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substance, which together wth i^ucose, asparagine, and inorganic salts 
permitted growth of Cl. acelohulylicum and of Cl. hutyUcum in a medium. 
The stimulating substance could not be replaced by beta-alanine, indole 
acetic acid, inositol, nicotinic acid amide, pantothenic acid, pimeiic acid, 
riboflavine, sporogcnes growth factor, vitamin Bi, vitamin B«, or by 3 
"mixture of all of the naturally occurring amino acids” (hydroxy-gluta- 
mic acid excepted). It was stable to bromination, to steaming in norma! 
alkali, and to autoclaving.^ 

Biotin and a factor found in yeast extract are necessary for Cl 
acelobuiylicum in the acetone-butanol fermentation, according to Oxford, 
Lampcn, and Peterson (1940). 

Substances -Stimulating the Production of Butanol by Certain Butyric 
.Acid Bacteria . — In 1934, Tatum, Peterson, and Fred® reported the pres- 
ence of an unknown substance in potatoes, yams, cabbage, lettuce, 
alfalfa, navy and soybeans, malt sprouts, and wheat middlings th^t 
caused an increased fermentation of starch and a marked increase in tb 
yield of butanol through the action of certain butyric arid bacteria. 
changes were effected m the quantities of ctliyl alcohol and acetom 
produced. Barley, corn, oats, and rice were poor sources of the stimii 
lating substance and sometimes were found to contain none of it 

Later, Tatum and his associates* identified l-asparaginc 
CHj-CHCNHs) COOIl) as the substance producing the stimulatorj’ action 
Further research disclosed that /-aspartic (HOOC-CHj'CH(NHj)'COO 1 
and d-glutamic (HOOC-CHfCHfCH(NH2)-COOH) acids, -ahich an 
dicarboxylic amino acids, produced effects equivalent to those of haspa« 
gine when these acids were supplemented xvith molar equivalents c 
ammonium sulphate. The optimum concentration of these 
^vas 60 mg. per 100 cc. of 4 per cent corn-meal mash, althoug o* 
concentrations produced stimulation. _ , , . 

Asparagine may be hydrolyzed by the enzyme asoaraginase to 
aspartic acid and ammonia. 


COKII. 

iooH 

Ajpsra^ine 


COOH 

in 

AapataEinfcjo ^ ^ NJJ, 

+11,0 n,N CH 

ioOH ^ 

Aspartic acid 


Asparaginase is secreted by some yeasts and bacteria and 
optimum pH of 8. 

* Tatum, E L., W. It. pETEBmv, and E, B. Fbbd, Jowr. , 27: 207 (10^*^- 


*Ibid, 29: 563 (1935). 
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Ammonium malate (H 4 NOOC*CHj'CHOH COONH4) and ammo- 
nium succinate (n4XOOC‘CH2-CHj'COOXH4) were likewise found to 
stimulate the fermentation of starch by certain, but not all, butyric acid 
bacteria and to cause increases in the yields of butanol, but these sub- 
stances were less effective than Z-asparagine. 

Optimum Conditions for Fermentation. Temperature. — The most 
favorable temperature range is 37 to 42'’C Since the neutral solvents 
are volatile at these temperatures, especially acetone, it is necessary to 
take precautions to avoid losses during the fermentation process. 

Oxygen Relationship — Since the organisms best suited to the produc- 
tion of acetone and butanol arc anaerobic in nature, the highest yields 
will be obtained u hen anacrobiosis is maintained. 

pll — Growth may be obtained in corn mashes between a pH of 4 7 
and 8 by the butanol organisms, but there is a low production of sol- 
vents at both of the extremes. The pH range of 5 to 7 is in most cases 
satisfactory 

The assertion that a given concentration of hydrogen ions is com- 
pletely inhibitory at all times or is capable of producing any given degree 
of inhibition, is not justified, according to Wynne,* who carried out 
experiments upon the inhibition of the acetone-butanol fermentation by 
acids The inhibition of fermentation was in the following order, nonylic 
g cnpiylic > heptyhc > formic > isocaproic = caproic > valeric =* 
isovaleric > isobutync *= butyric ^ propionic = acetic This order is 
similar to that of the speed of penetration of the acids into the living 
cells The pll necessary for pyruvic acid to inhibit is 3 2 which is lower 
than for most acids. 

Effect of Calcium Carbonate. — In general, the addition of calcium 
carbonate to the acetone-butanol fermentation mcilium cau<!cs a decrca'so 
m the yields of acetone and butanol in proportion to the amount of 
calcium carbonate added The volatile acid content, butyric and acetic 
iicid-^, principally, is increased, while alcohol formation is suppressed 
Concentration of Raw Material. — The c.xact concentration of the carbo- 
hydrate-containing substance to be used in a given fermentation must 
be determined by c.\porimentation, unless facts concerning the fermenta- 
tion organism arc already known Mashes containing 3 to 10 per cent 
concentrations of corn meal arc rc.ndily fermented with high yields. 

Production from Other Substrates. — Corn and molas'cs have been the 
principal raw materials u«ed for the production of butanol and acetone by 
fermentation in tliiscountrj* because of their availability, case of handling, 
and relatively low price However, there are other carbohj'drato sources 
that c>!Ter potentialities Some of tlic«e will lie mentioned bnefly 
'Wynne. .\ M , /our /iarf . 23 : 209 (1931) 






Tin: ACV.TOKE-BVTAKOL FERilENTATIOX 


327 


Produclion from H'cste Sulphite Liquor. — ^The production of acetone 
and butanol from waste sulphite liquors has been studied by Wiley and 
associates.' They found that good yields of the solvents were obtained 
when the sulphite liquor was prepared by precipitating the sulphur 
dioxide wth calcium hydroxide at a pH of 10 as calcium sulphite; by 
precipitating the lignin by adjusting the pH to 11.5 with additional 
calcium hydroxide; by precipitating the excess calcium with 1 per cent 
by weight of sodium sulphate before neutralizing; and by neutralizing the 
liquor to a pH of 5.8 \'dth sulphuric acid The precipitates formed 
during the various treatments were removed. The follouing nutrients 
were found to be satisfactory: 0.05 per cent diammonium hydrogen 
phosphate (NH 4 )jHP 04 , 0.10 per cent molasses, and 0 10 per cent 
calcium carbonate. Clostridium butylicum (Fitz strain) was found to be 
the most suitable organism From 70 to 80 per cent of the total reducing 
substances found m the sulphite liquor were fermentable, and from 25 to 
30 per cent of the sugars is ere fermented to neutral solvents in the folloss - 
ing proportions. 75 parts of butanol, 20 parts of acetone, and 5 parts of 
ethanol. 

Production from H’ood Sugar. — Leonard, Peterson, and Ritter* found 
that 24 to 38 per cent of the wood sugars fermented were converted to 
neutral solvents by Cl. hulyhcum (No. 39 of the University of Wisconsin 
collection) The hydrolysates were distilled to remove the furfural and 
neutralized to a pH of G 5 with lime. It was found that sugar solutions 
produced by veiy mild or very vigorous conditions of hydrolysis were 
not easily fermented. Sugar concentrations up to 3 per cent were 
completely utilized. 

Production from Xylose Saccharification Liquors from Corncobs. — Butyl 
alcohol may be produced in satisfactory yields from the xylose sacchari- 
fication liquors obtained from corncobs in the first stage of the two-stage 
process described by Dunning and Lathrop (1945), after treatment wnth 
powdered iron or activatwl carbon, according to a report made by 
Langlykkc, ^'an I^ancn, and Fraser (1948). 

The following nutrients were used in the media. 0.2 per cent com steep 
liquor (dry basis), 0.5 per cent calcium carbonate, 0.3 per cent ammonium 
sulphate, and 0,00 per cent dibasic ammonium phosphate. The sugar 
source was usually dilutwl to produce a final concentration of 5 (o C per 
cent of total sugar, The media were adjusted to pll 0 5 prior to steriliza- 
tion. Incubation was at 37®C. 

' WiLET, A J.M J Joitxsox, n. McCot, and \V. II PeTEnsos, /nd. ATnj Chtm , 
26:r.00, (1041). 

•l.rnvAnD, U. II , W. IT. PrTrasox, and G. J. Hitter, Ind. Eng. Ch<m., 39: 1413 
(1017) 
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Satisfactory fermentation of saccharification liquors were obtameii 
when they were treated by the addition of 0.5 per cent of reduced jm 
or iron powder. The use of iron filing.s ground to pa'js a 325-mcsh screen 
was suitable ns a substitute for reeiuced iron. Tlic iron removed copper 
from the hydrolyzates and also lowered tlieir oxidation-reduction poten- 
tials. Copper in concentrations greater tlmn 35 p.p.m. was found to be 
inhibitor}' to the butanol organism (culture A-14 (NRRL B-594) of 
McCoy's collection at the University of Wisconfi'in] under the condidons 
of fermentation. 

The treatment of tlic lo’drolyzate with 15 per cent or more activated 
carbon (on the basis of the sugar) was also a satisfactory means for 
producing good yields. 

Yields of 30 C per cent of solvent were obtained on the a\'erage, of 
which 01.7 per cent wa.s butanol, 31.8 per cent Mas acetone, and 0 5 per 
cent M'as ethanol. 

Prodnclion Jrom Jerusalem Arlichokcs — Tlic production of butanol 
and acetone from Jerusalem artichokes has been studied by IVendJand, 
Fulmer, and Underkofior.' The ground chips M'crc diluted Math water to 
yield a reducing sugar content of 5 per cent. The suspension «'as mildb’ 
hydrolyzed, for 1 hr. at SO’C. after adjustment of the pH to 1.75 m‘th 
hydrochloric acid or to 1.50 with sulphuric acid. The hydrolyzate 
■was neutralized to a pH of 5.6 to C.O villi sodium hydro-vide. R 
found necessarj' to add com meal, soybean meal, or other nutn* 
ents to the hydrolyzate in order to obtain ma.ximum yields m’th 
acetdbutylicuin. 

Production from Cassava. — Cassava only is not a good substrate ^ 
acetone-butanol production, according to Banzon.* However, go 
yields could be obtained from a mixture of 20 per cent or more of ^ 
80 per cent or less of cassava. Likewise, yields of solvents compara c 
those obtained from com were secured when about 5 per cent o 
powder, com gluten meal, and soybean flour were used as cnnstitnen s o 
the mash. .. 

Yield of End Products.-— In the normal butanol-acetone 
neutral solvents are formed from glucose in the ratio of 6 par ^ 

butanol, 3 parts of acetone, and 1 part of ethyl alcohol Sucrose, ev 

and xylose 3'ield normal ratios of butanol, acetone, and et 
arabinose, a 5'Carbon sugar, yields the solvents in a ratio of approxi 
5;4:1 instead of the normal 6.3;1 ratio These facts are i us ra 
the following table. 

' Wendland, R. T., E. I. Fclmee, andL. A, UndeRKOfleb, / nd . Eng . Chen , 

1078 (1941;. 

* Banzon, J. R., lowi State CM. Jour. Set., IG; J5 (1941). 
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Atcrage solvnit ratio 




Invcsligutors 





Rutttnol Acetone Ethanol 

Peterson, Fred, and 

Glucose 2 

59 31 10 

Schmidt* 

Xylose 3 

61 29 10 


' Arabinosc 2 

47 43 10 

Johnson, Peterson, 

Glucose 18 

60 28 12 


Arabinose 4 

48 39 13 


UtrPKRKorLER, L A ■ »f"l J E IIcvteh. Jr . tmJ Eng Ckem 
Ratios calculated from the data, aaaumiDE 10 per cent ethanol. 
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Fiu 51 — Distillation equipment (Cotirt»y «/ <7 O Ltnti, ComtmretiU Solrrnl$ Corp) 


From 3 lb of stnrcli, 1 lb of mixed solvent? mnj’ be obtnined when 
f’t (xcrloliufi/hcum i? u-^d n? the fermentation orpanism 

\t the Royal Navn! Coixhte Fnetorj* at Holton Heath, EnRland, 1C3 
III ot n-ln:tjiiio!, 70 lb of acetone, 107 lb of carbon ilioxitlr, 11 lb. of 
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hydrogen, and 12 Ib. of residual acid were obtained from 1,000 lb. d 
maize, ndiicli contained C50 lb. of starch-^ 

The gases produced during fermentation weigh over 1.5 times as much 
as the neutral solvents formed. Were these gases allowed to go to waste, 
as they were at one time, the los-scs would be great. 

Acetylmethylcarbinol. — In 1927, Wilson and his associates- showed 
that acetylmethylcarbinol was prodvtced in the acetone-butanol fermeala- 
tion by C. acclohidylicum (AVeizmann’s bacillus) as a regular end product. 
Acetylmethylcarbinol was formed concurrently witli acetic and bufjTic 
acids. Pyruvic acid when added to a fermenting mash was fermented 
to acetic acid, acetone, and acetylmctljylcarbinol chiefly (Peterson and 
Johnson, 1933). The addition of phosphates to a mash increased the 
production of acetylmethylcarbinol, while added proteins decreased the 
yield. Ordmarily 300 to 400 mg. per liter of acetylmethylcarbinol are 
produced in the butanol fermentation. . ^ 

Yellow Oil. — In the butanol fermentation, so-called "yellow oil 
makes up 0.5 to I per cent of the total yield of solvents. Man el aoo 
Broderick’ showed tliat ti»c high boiling yellow oil was a complex mixUire 
of n-butyl alcohol, active amyl alcohol, isoamyl alcoiiol, n*he.syl alcoho, 
and the n-butyTic, caprylic, and capric esters of tlicsc alcohols. ^ 

Uses for the Products of Ferroentation. — Butanol has its most irnpor 
tant use in the manufacture of lacquers, which are utilized on automo i CS; 
airplanes, furniture, toys, and many other articles. Larp quaQJtj®’ 
of butanol and its derivatives arc used in other industrial pfoc^ ‘ 
Acetone is used in the manufacture of artificial silk and P 

graphic film, airplane dopes, cements, and other products. 
panying table shows some detailed uses for the chemica pro 
manufactured from com. 

The weight of gases evolved during fermentation is o^e^ A 
greater than the weight of solvents. Hence, in order to preica 
mous wastes, uses for the hydrogen and carbon dio.vide 
developed. Methanol (CHjOH) is synthesized from 
carbon dioxide gases. These gases are passed through a so % en r 
plant to remove and recover any solvents that may ha%e 
over with the gases during the fermentation. of t e car 

is then removed by "scrubbing” the gases with w'ater un e 
The purified gases are then forced through a ^ ^ produce 

at a high temperature and at a pressure of about 4, 

‘ Reillt, Hickinbotto'C, IIbsibt, and TjrATSB.v, ioc cil chm 74; 

* Wilson, P. W , W H. Pbtebson, and B. B. Fred, Jour > 

( 15 ) 27 ). „ 47*3045 ( 1535 ). 

* Marvel, C. S , and A E. Broderick, Jour Am. Ckem. oc., 
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Table 72 — Chemtcals from Corn and Their Uses’ 
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•syntlictic methanol. Ammonia may bo synthesized from puri/ipil 
hydrogen and nitrogen gases, using a catalyst, n-hilo carbon dioxide may 
be used in dry-ico mnnufnclurc. 

Bacterial Contaminants. — The most serious contaminants in the 
acetone-butanol fermentation arc the lactic acid organisms. J.acticacid 


bacteria grow readilj* at the temperature of the butanol fermentation 
and under nnaerol)ic condition.*!. They utilize the .‘‘uhstratc and at the 
same time produce a pH unfavorable for butanol production. Thehiph- 
acid-forming bacteria,* Mirh as Laclobacillus Ickhmannii, arc mo^t injuri- 
ous. Organi'-rn.s .‘juch ns L. mannUopocuin are likc«i.«c vco’ underirable 
ronlaminant.s H. volttlam n. sp. Fleming, Tliay.'vn,* a most seriou! 


contaminant, isa nonsporeforming organism tlial produces large amounts 
of lactic ari<l, frare-^ of butyric and acetic acids, but no gas or alcohoN 
It is a Gram-positive organism, possessing volutin granules that maybe 
stained by methylene blue to n deep purple. This organism m.*!}' be 
destroyed by healing it for 5 min. at OS^C. Streptococcus lactis a\sohsi 
been knouii to cau^c infections, but it does not usually produce serious 
trouble Fermentations continue to completion unles.s the orgaaisni^ 
arc profonl in largo numbers in (be ma.«h before the butanol organhins 


have liad opportunity to develop. ^ , 

The presence of It glohigti in a butanol fermentation is a 
association that prcxluces no apparent ill effect on the yield y 


grnnulohaetcr* . , 

Sporeformers of the It. mesrntcriem group may produce a rod pigmen 
in corn mashes^ liut otiiciavi-e produce no apparent harm. 

Methods of Detecting Contamination — ^■arious mcthod.s ha^e 
used to detect contamination in tlic fermenting ma-sh.* Ob^r\a 
variations in gas evolution or in the titrable-acidity curve, an 1 


the microscope arc the mo.st common methods. 

I’criiaps the mo.st seiiMlivc indicator of contamination is gas 
tion One accustomed to obsenring normal fermentations 
ascertain irrcgulantie.s in tlie evolution of gas. A 1,6 

tlic volume of gas evolve<l at a time ulien the rate of evolution - 
increasing may bo taken as an indication of contamination. 


tion may even cease. . , -pcumte 

By plotting (he curxe for titrable acidity, one ha.s a^ai ^ 
information concerning the progress of the fermentation. ^ 

in acidity to abnormal amounts can be readily asccrtaincc yon ■ 

. 1 . 323 { 1936 ) 

' PnED, E n , W’. II. rETEBso.v, an<l M. Mux.''a.via, Jour Bact , 

*Thaysen, A C , Jour Inst 27 : S 2 i) (1921) 10.97(1925) 

» Fred, E B , tV H J’etehso.v, and W. II. CAnnOLV, ' 

* SPEAKAtAN, II B., and J r rniLUPS, Jour. Bad., 9: 1S3 ( • 
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tion of the acid cun-e. After rising to a peak in 13 to 17 hr., the normal 
curve for titrable acidity drops at about the same rate to a new low point 
In case the mash is contaminated by lactic acid organisms, the cun-e for 
titrable acidity continues to rise after the normal ma.\imum instead of 
returning to the new low point. In some industrial plants a practice 
was made to inoculate large mashes from starters only after the curve 
for titrable acidity had commenced to fall (The reader should realize 
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I'lu 6S —Number of bacteria, time of riniuction of methylono blue, and and production at 
different 8tasc4 during fermentation. (CeurfMye/ir // PttrrtonandS B.Frtd.lnk Eng 
Chtm., 24- 237 (1032) 1 


that variations in the nature of the curve for titrable acidity sometimes 
occur even though there is an absence of infection ) 

The microscope has served as a useful tool in detecting contamina- 
tion, yet it may fail to show contamination nlicn cither variation in gas 
evolution or titrable acidity may strongly indicate the presence of infec- 
tive organr*>ms. The microscope is best used in conjunction irith one of 
the foregoing methods rather than alone. 

Marke<l changes in the cur\’cforpII would indicate unusual conditions 
in the fermenting mash. Changes in pll do not, however, furnish cither 
as Fcnsitnc or ns accurate signs of on abnormal fermentation ns do 
almormal variations in gas evolutions and in titrablo-acidity curves. 

Biochemistry of the Fermentation. — Spoakman' divides the butanol 
fermentation into three phn«es, the length of each pliase being governed 
by tlie cur\c for titralilc acidity During the first phave, tlie titrable 
aridity increases rapidly to a maximum, tisunlly in 13 to 17 hr. Tlie 
’.-PUKMiN II 11. Jour IhcA CAfm,41:319(iy20) 
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butanol organisms reproduce very rapidly during this period, for it is 
their enzymic activity that determines the progress of the fennentatioD 
Acetic and butyric acids are produced in varj’ing quantities. Bofii 
hydrogen and carbon dioxide gases are produced in large amounts, the 
curve for total gas evolution foUoudng the titrablc-acidity cune id 
general proportions but with a time lag. There is a drop in pH, wlijcfi 
then tends to remain at a fairly constant level throughout' the rest of tie 
fermentation, oudng to the presence of buffers produced tlirough the 
hydrolysis of the corn or other protcins. 

Tlio quantity of titrable aciditj' drops sharply during the second phase 
of fermentation to a value that is equal to approximately 50 per cent of 
the maximum. Coincidental with the drop in the quantity of titrable 
acidit 3 ’, there is a rapid conversion of the acids to their corresponding 
solvents. ButjTic acid is reeluccd to butanol, acetic acid is changed to 
acetone Tlie ratio of acetic to butyric acid varies during this periw 
But^Tic acid disappears from the fermentation mash more rapidly t 
acetic acid. The rate of gas evolution increases quickly to a maoinii"’ 
ns the titrable acidity drops from the peak. There is then a gra us 
diminution in tlio rate of gas evolution until the end of the fermen a lo 

The titrable acidity slowly increases in quantity during t e 
phase of the fermentation. There is a drop in the rate of P , 
duction until the fermentation ceases. Tlic relative 
acetic and butyric acids continue to var>' until at the end of t e e 
tion there is a greater amount of acetic acid. . ^ 

Peterson and Fred* have carrio<l out extensi%'e research on 
teriology and biochemistry of the acctone-butanol 
acetobutyheum. Figures 55 to CO arc reproduced (through t eir c 
from their excellent paper. The dat.a from which the curves ^ 
structed were determined by periodic analyses of the eraen 
mashes, which at the start were of 0 per cent concentra loa. 
shown in Figs. 55 to 58 were obtained in the first ® pjg 

and Fred, those of Fig. 59 in the second e.xperiment, an 
GO in the third experiment. A study of these figures "T 
valuable information. . j cor® 

Only small amounts of peptides or amino acids are duoag 

mashes during the fir«t 12 hr. of the fermentation an no^ 
the first 24 hr., according to Peterson and his asso^a ne\t 

acid and peptide content of the mash increases rapi y 
24 hr., however. 

» Peterson, AV. H , and E. B. Fred, Ind. Enff. Chem , 24 . So> < 

* Peterson, AV. H, E. B. Fred, and B. P- Do^cooalu, J 
46: 2086 (1924) 
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bjQ 57 — CIiancT'* 111 carboli><lratei nnd form* of nitroKPn l>> Cl aeeloliiili/licum. 

(Courts*!/ of ir It Pctmon au<l £.' 0. Fred. Ind Env Chrm . 2i 237 (1932) ) 

Fulton, I’ctcr^on, and Ffwl' stale lliat from 15 to CO per cent of tlie 
total nitroRcn of native proteins is rendered solulilc durinR the femientn- 
' Tilton, n L,t\ It l*i Tiiv-iON. nml II. ll Kbed, C«ifr Itakt /’ara*i/<'nA , .\lit 
II 27- 1 (19201 
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Fiu 60 — Production of gM in butyl alcohol fermentation [Covrtt*]/ o/ W H.Pttertenand 
E B Frtd. Ind Eng Chem . 34 : 237 ( 1932 ) ] 

tJon. The soluble derivatives of protein (proteoses, peptones, peptides, 
and amino acids) and nonamino nitrogen constitute the soluble nitrogen. 
Peptide nitrogen is usually the largest single source of soluble nitrogen, 
constituting 9 to 28 per cent of the total Amino nitrogen Is gencrallj’ 
pro^ent in quantities of 7 to 18 per cent, depending upon the type of 
protein being fermented, animal proteins yielding rather high quantities 
of ammo nitrogen. 

The products formed by the hydrolysis of proteins, a process that 
appears to progress nell at a pll of about 5,8, regulate the pll of the 
modmm through InilTcr action Butyric and acetic acids are but slightly 
ilissociatetl Thus high titrable ackUty produces vcr>’ little change in 
the pn of tlic medium 

Factors tliat cause an increase In acetone frequently produce a 
decrca''C in the quantity of ethanol formed. Proteolysis, acid production, 
and the quantity of solvents produced are affected by tlie carbohydrate- 
protem ratio of the mush Low carhohydratc-protcin ratios favor 
increased yields of acetone and decrc.'i‘4?d yields of ethanol. Opposite 
effects rcMilt from high carbohjdratc-protcm ratios In general, high 
yields of solvents may be obtameil with carlmliydrate-protcin ratios of 
.5 to 10 (Fulton, Peterson, and Frcil, 1920). High titrable acidity is 
et-iH rallv a'-Mx'i.iteil with a high yiehl of acetone. 


industrial itICROBtOLOar 


acoto^ o?d fermented adda 

fornrod at a nmrumtt 

Ider has been fermented durinn I*' 

bemg decarboxj’lated to acetone ’ fennentations, the acid 

'>f «• “* 

precursor of h,.d^„ and somr^^^ 

tionflL rcltrt«fer,°/ “>= butanol fer^eab- 

the fermentation. <= » ‘e section dealing inth the mechanism of 

to f^'u!^Ts!r of End Prodnets.-Before altemptiai 

tion it is nZ ^““"O fbc origin of the products of a fermenla- 

studv nf It. o assemble some of the Joiohti iacts d rare/oi 

Crentatinn" ">0 biochemislo' of the butanol 

icrmentation ivil! bo most fruitful in this connection, 

more 3 , hi! , I, fomiontation, butyric acid disappem 

^ ^(^etic acid, a fact in accord with the productiofl of a 
fnd Ti,^ ‘''0" “ootonc (Reilly, Hickinbottoro, Henlej, 

u butjTic acid is coincidental with tie 
/nr»?¥i.i« of butyric acid to a fermenting ma^i 

r#id At k butanol (Speakman and others). Butyric acid li 

utanol by coll suspensions when in thepresenceof glucosebut 
r?h h thus probable that glucose, or possibly triose 

^ Ti f’educing agent for butyric acid, according to DiMM 

^tyric acid is nearly' always found in fermentations when 
Dutanol occurs. 


ce JO acid disappears from the fermentation medium more slortly 
an utj ric acid, a fact agreeing with the formation of a smaller aruoant 
ace one than butanol The addition of acetic acid to a fenuentiog 
as increases the acetone content, but, according to Speakman, 
no cau^ any change in the yield of butanol. Acetic acid, acctoacetic 
Py^u'dc acid increase the quantity of acetone produced "hen 
aaued to the fermentation (Johnson, Peterson, and Fred, 1933). Pro- 
pjonic acJd is reduced to propyl alcohol. 

a\ies (1943) has purified and described the properties of the accle* 
acetic acid decarboxylase of Cl. acetobutyheum. The enzj-roe was specific 
or ace oacetic acid and had an optimum activity at pH 5.0. 

yruMc acid is fermented to acetic acid, acetone, and acetylrocth.' 


iPnTBRsox, \V H,andM 3 Johssox. Jo«r. Boil , 26. CO 0933) 

(1029) ^ II Pbtersox, and E. B. Fbep, Jour Btol Chrm , ‘ 
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carbinol when added to the fermente<l mash, but methylglyoxal and nldol 
are toxic even in small amounts 

Calcium carbonate in the fermentation masli results in a suppression 
of butanol and acetone production but causes an increase m the quantities 
of butyric and acetic acids. 

A workable scheme must show the derivation of all the end products 
in relatively correct proportions. It must be in accord \\ith established 
facts of fermentation chemistry. Study of the following schemes will 
show how closely these principles arc approached. 

Several schemes have been su^ested to explain the origin of the end 
products of a normal butanol-acetonc fermentation. Fitz suggested the 
formation of 4-carbon compounds from 2-carbon compounds by a process 
of condensation. 

Speakman' was one of the first to suggest a detailed scheme for the 
mechanism of the butanol-acetone fermentation. According to him 
butyric and acetic acids were formed by cleavages and oxidations of the 
sugar molecule. Those acids were then reduced in part to the corre- 
sponding solvents. 

Neuberg and Arinstein* suggested that butyric acid and butanol were 
formed from glucose and glycerol through the intermediate stages of 
pyruvic acid and pyruvic aldol. 

Pyruvic acid is produced by fermentation from glucose, glycerol, or 
lactic acid by various microorganisms. But Neuberg and Arinstcin nero 
unable to mcrea«>e the yields of butyric acid or butanol through the addi- 
tion of a pyruvate to a fermenting medium They did, however, secure 
incrcii'scs of acetic and formic acids m accordance with the following 
equation* 

ciiico cooH + 11,0 -•cii, coon + ncooii 

I’j-TUMC »ci>l ForBiic »rij 

Xcuberg and Arinstein therefore concluded that butyric acid and 
butanol did not arise as a result of the condensation of acetaldehyde and 
carbon dioxide. The addition of pyruvic aldol resulted in increaswl 
yields of butjTic acid. On the basis of these facts, they formulated their 
schemes. 

Various objections liavc been raised in connection with the schemes 
sucge'tcd by Neuberg and Arinstein. Tlie orgam-sm that they u?e<l, 

If butijhcus, under optimum conditions produced very little butanol 
The fact that added pjTuvic aldol was fermented to butyric acid docs 

'PrRMiMAN, 11 11, Jowr n,ol CAm, 68:305(1023) 

* St> nil N^oN, M, “Jlactrnal Mflatxilism,” I<t>Rxnisn'<, Circ^n A (<)mp.sny, 
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not prove that it wn.s an jiitcnn«liatc product. Even though acetalde- 
hyde was not produced from pj’nndc acid, this fact cannot be taken^s 
proof tiiat it docs not arise from fiomo otlicr source. 

Kluy ver* nnd Ids associates have formulated a sclicmo for the buhric 
acid fermentation, which foilows: 


1 

OH 

2. CH» CO C— OH — ett, OHO + HCOOH 

H 

hyttralv 

H 

3. C^OH - COj + H, 


0 


H 

4. cn. cno + HtO=:CII.C^OH-.CIt. COOII +ni 
^OI! 

»riJ 

0 H 


6 . CHiC^ + 

U H ’ 


II— C Clio — CHi CIIOII CHi CHO =: CIt> CH*CH 


s 


1 'OH 

CH, CinOHiCOOH 
Wiityne nos 


In the butyric acid fermentation, the main end 
acid, acetic acid, carbon dioxide, hydrogen, and traces o pf 

Kluyver is of the opinion that the meclmnism for the 
sugar to liydratcd metliylglyoxal in the butj’ric acid ermcn a 
analogous to that of the idcoliolic fermentation. carboP 

According to the scheme shown above, the weight o 
dioxide formed should be equivalent to r 

weight of the glucose fermented. (Compare with the et . ^{jg 

tion.) The number of molecules of acetaldehyde the 

formation of acetic aci<I and butyric acid should be number 

number of molecules of carbon dioxide produced. ^ preid^'’ 

of molecules of hydrogen gas evovled (Eqs. 3 and -1) j^y the 

than the number of molecules of acetic acid following 

number of molecules of carbon dioxide evolved r 
indicates that these requirements are reasonably satis • 

' Kldwek, a. J., "Tlie ChEmioU Aclivilies of M]cro-org»i>™» . 

Ix>ndon Press, Ltd , 1031. 
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Table 73. — Fermentation Balance or Glocose, Using Clo&lndium 
saeehaTobutylieum} 

(Medium: yeast extract, 2 per cent glucose, 1 per cent calcium carbonate, 30°C.) 


Products 

Grams 

Per cent of 
glucose 
fermented 

i 

No. of mols per 50 mols of 
glucose fermented 

CO, 

i 

II, 

1 

Acetal- 

dehyde 

Glucose added 

30 45 

1 




Glucose unfermented 

3 10 

1 




Glucose fermented 

36 35 





Carbon dioxide 

17 4 

47 8 1 

07 8 



Hydrogen 

0 94 

2 59 1 


lie 6 


Formic acid . 

Traces 





Acetic acid 

1 5 J7 

14 2 


: -21 3 

21 3 

Butync acid 

1 13 4 

30 9 1 



75 5 

Total 

1 


^ 97 S 

05 3 

9G.S 


* KlUTV*ii. A J . " Th« Ch«im<al Aet>viti«* of Micro-orcaDiARis.*' Univf nity of London Preu, Ltd, 
1931. 


Table 74 — Fermevtation Balance op Glucose, Using Ci. ocetolutyltevm' 
(Medium veast extract, 2 per cent glucose, 37*C.) 


Products 

1 

Grams 

Percent of 
glucose 
fermented 

Mols per 50 mols of 
glucose fermented 

CO, 

H, 

Acetal- 
dchj do 

Glucose added 

11 78 





Glucose unfermented 

0 41 





Glucose ftrmented ' 

It 37 





Carbon dioxide . . 

6 14 

64 0 

110 3 



Ilvdrogen . . . 

0 1770 

1 5 


70 2 


Forniic acid . . 

Traces 





Arctic acid 

0 53 

4 7 


-7 0 1 

7.0 


0 24 

2 1 


1 : 

4 2 

Ktlnl alcohol 

0 27 

2 4 


1 ^ ' 

4 7 

But>l alcohol 

2 02 

23 0 


56 0 

5G 0 

Acetone 

0 82 

7 2 

-11 2 

-22 4 

22 4 

Acetjlmcthvh.irbinn! 

0 35 

3 1 



1 6 

Total 



99 1 

lot 5 



' \ *K ncml.KK. i. n, “OndfruwUnir'n oT*r d*niil)hlknhol(i*(ina ” Drift, 1030. 
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SciIESfE FOn THE BlTTYL AhCOHOh FERMENTATION* 

t O tT ^ 90 TT O internal inecbanKin correspondioe 

1. UllijUj -* to that of the •Iroholic fermentalioo) 

OH 

2. CH.CO C-^H — CHfCnO + HCOOH 

\ 

H 

Metbylglyoxel AcetaMehjrtle rormie add 
hj^rate 

l^kyJrofferutlioit lieaeiioriB 


4. CHj-CHO + H,0 ^ CllrC— OH -» CHiCOOII + 2H 

\ 

OH 

Aeetaldebyda Acetic add 


Condensation Reactions 


S. CHi C + II— O Clio -> CH, CIIOII CHi CHO =: 
Nl II'^ 

Acetaldehyde Acecaldebyda Acetaldol 

H 

CH, cir=cH c'^oH — aucJii cih-cooa. 

\ 

OH 

CrotonaId(hyd« hydrate Hutyrie acid 

0 H OH 

0. + H— CCOOH — CHi ll^-CIIiCOOH I 

\n u'^ ill 

Acetic acid Acetic acid 

O 


CHrCO CH, C 

\ 

OH 

Acetyl acetic acid 
(Acetoacetic acid) 


♦ CHaCOCH, + CO, 


Hydrogenation Reactions 


8. CH, CHO -h 2H -► CH, CH,OH 

Acetaldehyde £thy) ale^ol 

9, CH, CH. CH, COOK + -IH — CH. CH. Cft-CH.OH + H.0 

Butyric acid Butyl aloobol 

10. CH, CO CH, + 2n~* CH, CHOH CH, 

Acetone laopropyl eJeobid 


I Ktrrves. A J . “The Chemical Aetintles of hficrivoreanism*. 




1931. 

Va.m dsb Eec, J. B.> "Omdersoaldneea aver 
W. D Meinema, Dellt, 1930. 


de Butylalkohole'shnj.” Naaovloo” 
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It is necessary to account for several additional products when one 
turns from the butync acid to the butanol-acetone fermentation. A 
scheme for this fermentation, to be acceptable, must satisfy conditions 
in respect to the relative proportions of each of the nine or more products 
found in the breakdown of a sugar. The scheme suggested by Kluyver 
does this well according to the results of Tables 74 and 75, one of ^^hich 
gives data for a medium containing 2 per cent calcium carbonate. 


Table 75, — FEBiiENTATiON Balance of Glucose, Usilq Ci acefobuJyficum* 
(Medniui; yeast extract, 2 per cent glucose, 2 per cent calcmm carbonate, 37®C.) 


Products 

1 

Qraros 

1 

Percent of 
glucose 
fermented 

j Mols per 50 moU of 
j glucose fermented 

CO, 

K. 

Acetal- 

dehyde 

Glucose added 

! n 68 





Glucose unfermented 

0 43 





Glucose ferincntcd i 

1! 25 





Carbon dioxide ! 

b 3} 

47 5 

07 0 



Hydrogen 1 

0 2344 

2 08 


03 8 1 


Formic acid 1 

Traces 





Acetic acid ' 

1 15 

10 2 


-15.4 

15 4 

Butyric acid 

2 67 

26 6 



61 8 

Ethyl alcohol 

; 0 39 

3 6 


6 8 

6 8 

Butyl alcohol 

1 0 48 

4 3 


10 2 

10 2 

Acetone 

Traces 





Acctylmethylcarbitiol 

0 28 

2 5 



5 2 

Total . 



07 0 j 

05 4 j 

09 4 


■ Vab BEX Lex, J, D . orer <t« ButFlxUobolKtftiog,” Oelft, 19S0. 


Studies with Heavy Carbon Acetic and Butyric Acids and Acetone. — 
Wood Brown, and SVerkman (1945) sludicil the mcchanhm of the 
butanol fermentation by CL acetdbiUyhcum and CL butylicum, using hca\y 
carbon acetic and butyric acids ami acetone. When hca\y carbon acetic 
acid (CIIj C”OOn) was addetl to com mash fermentations, the bca\y 
carbon (C'*) ^^as recovered in butanol, acetone, i'^opropyl alcohol, butyric 
and acetic acids, ethanol, and carbon dioxide. 

The butanol contained about 50 per cent of it, whicli was present 
in about equal amounts in the carbinol and d-positions. Wood and his 
a.s.sociates suggested that butanol was synthesizwl from acetic acid or a 
derivative of it 

Tlio acetone and isopropyl alcohol contnimxl from 15 (o 19 per cent of 
the added lioaxy carbon atom, %siiich was prc«ent in the carbonyl and 




344 


INDUSTRIAL M ICnOBIOlX)GY 


carbinol positions, respectively The heavy carbon recover}- was aJuio^f 
the same in respect to these solvents. These facts nere in accord uitfi 
tlio suggestion that acetone is formed by the decarbo.sylation of aceto- 
acetic acid, which is produced from acetate. 

^^^len heavy carbon but 3 Tic acid (CH 3 *C“Hs*CH 2 -C*’OOH) was 
added to the medium, the heavy carbon (C”) was recovered in butanol, 
ethanol, isopropyl alcohol, and acetic and butyric acids. About 85 per 
cent of the added hea%*y carbon was found in the carbinol and ^-positioa« 
of the butanol, sugge.sting that butyric acid was the precursor of this 
alcohol. It \vas suggested by AVood and his coworhers that the con- 
version of butyric acid to acetic acid, acetone, and isopropyl alcohol may 
represent “a reversible scries of reactions through acetoacetic acid" 
When heavy carbon acetone (CHj C^’OCHj) was added to theina5h, 
the C'® was recovered in the isopropyl alcohol. There was evidence that 
acetone was an intermediate in the formation of isopropyl alcohol. 
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CHAPTER XTII 

the acetone-ethawoe fermentation 


from the ecetoM-to(»I 

thrrd n *TP0 of orgamsm uH 

acid iind bntan' f’f respect to the quantities of butjiie 
and tfm t' ormcfl; the optimum pll; tJjc uso of cakhm carboD^te, 

nnd tho time required for the completion of tho forwentathn. 


UA^TlTIJ.S Of ACETON'E AN'D AlcOHOL PltOOCCEO BT B. oeeltKlhyhnis 
Slt3Sthate5» 

ixr cent sugar, 0 5 percent peptone, nnd 2 percent CaCOij teniperatuff, 
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lXylo.se 

Glycerol 
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1 0-10 
' 8-10 

4- 5 

8^ 9 
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' 24-23 
18-20 
40-43 
24-26 


Northrop, J. If . L If AsBB.anJJ K. Sr)noR.^<mf. JJwl. CSew , 59; 1 0919). 


chardinger* is cieditcd with being the first to discover acetone as a 
pro uct of bacterial fermentation. The organism isolated and investi- 
gated by him Avas designated as Bacillus ynaccrans Acetone, eth^ool, 
acetic and formic acids wcie the principal end products obtained from tbe 
ermentation of potatoes or potato starch media containing peptone an 
calcium carbonate (see page 314). 

At the suggestion of the Council of Iv^ational Defense, Northrop 
undertook research in an attempt to develop acetone through a fermenta- 
tion process. In 1919, Northrop, Ashe, and SeniorMsolated an organism, 

B. acetocthtjUcum (B. acctoclhylicus Northrop ct al.),* which producea 


! ScnAnDiNGER, F., Cenir. Bakt Famntenk.. Abt. 11, 14; 772 (1005) 

^ > b fl- Ashe, and J K. Sexior, Jour. Biol. Chem , 59.' ( . 

n' - ® Manual of Determinative Bacteriology,” 6th ed , The ttJ 

I'llkins Company, Baltimore, (I9t8) 
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acetone from starch. A careful study was made of the organism and the 
biochemistry of the fermentation 

B. accfoef / iyivcus , which, is closely relatodj if not identical, to B. 
maccrans,^ was isolated from s,ome old potato^ It is a motile, spore- 
forming, Gram-negative, facultative anaerobe. It grows well in a 2 per 
cent corn medium containing calcium carbonate. Its optimum reaction 
for growth is a pH of 8 to 0; for fermentation, a pH of 6 to 8. It has an 
optimum temperature of 40 to 43'’C. Some of its spores will withstand 
boiling for at least 20 mm. Ethyl, propyl, and butyl alcohols; acetone; 
and formic acid may be formed from suitable carbon-containmg com- 
pounds Table 76 shows some results of some fermentations. 

Raw Materials. — A large number of carbohydrate substances may be 
Used for the fermentation Com, potatoes, and molasses are substances 



PlQ, 01 — The influence of varying the reactions of the mediuTu on the products of fermen- 
tation [Courteay of Ariherger, reUrton, and Frtd, Jour. Biol Cham., 44 : 4C5 (1020) ] 

available in large quantities and at a reasonable cost. Hydrolyzed corn- 
cobs and oat and peanut hulls may serve as cheap sources of raw mate- 
rial. It IS sometimes necessary to add peptone to a mash to supply the 
nitrogen required by the oi^anism, as, for example, uhen the mash 
contains starch alone. The use of concentrations of about 2 to 3 per cent 
of carbohydrate substances is customarj' 

pH. — According to Tsorthrop and his as.soeiatc'i,’ the optimum pll 
range for tlie growth of D acetocthylteus (D arcloethylicuin), Mas 8 to 9 
However, highest yields were obtained when the fermentation mash was 
maintained at a pll of 0 to 8 

In tlie fermentation of xylose sjTup, obtained from the hjdroljsis of 

‘ /6i.f 

* NonTimor, J ff , L 11 Amr, and U U Moroav, Jour. Ind. Eng. Chtm , 11: 
723 (I‘»l<)) 
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corncobs, Peterson and his associates* advdsed the use of an initial reac- 
tion of pH 7.0 to 8.4 and the provision of sufficient calcium carbonate to 
neutralize the acid.s as formed. 

Arzberger, Peterson, and Fred* have shoum that the reaction of tlie 



Fio 62. — Hate of formntian of acetone and elcobol. \CouTl{»y of h orthrop, A* 

Jour. Bfoi. Chem., 39; 1 (1010).) 

medium plays an important part in determining the in 

of the various end products of the fermentation by B. ocetoe y 
increase in the pH of the mash resulted in a decrease of a co o^p 
and an increase in the volatile acid content. A marke ^jie 

a pH of 5 8 to 0.0, favored the production of acetone an e 
yield of acids. These results are indicated in Fig j^j^ntatioa to 

Calcium carbonate is always used in this type o 

buffer the pH, in sharp contrast to the acetone-butano 
A 2 per cent concentration is satisfactory in most cases. ^ 

Optimum Temperature.— A temperature range o 
optimum for fermentations produced by B. aceloelhy iciis. 

1 pETBnso.v, ’{V'. ir , E. B. Fred, and J. H- VERnaLST, 


( 1921 ). 

* Arzberger, O. F., W H. Peterson, and E. 
( 1920 ) 


B. Fbed, Jour. Biol. Che”' 
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Duration of the Fermentation. — The fermentation ordinarily requires 
about 6 days. By u&tng inert materials such as branches, coke, or corn- 
cobs to retain the slime which is formed during the fermentation and 
which contains bacteria and calcium carbonate, the time required for 
the fermentation may be considerably reduced. After the fermentation 
has been completed, the fermentation liquor is draum off and a new mash 
added to the vat containing the slime-coated inert material. This proc- 
ess may be repeated several times, but it is necessary to use precautions 
to prevent contamination of the mash and to guard against sluggishness 
of the culture. 


Taelf 77 . — Rate of Pobmatiom of AcE?tOKe and AtconoL’ 

(Medium' lOg of potato starch, 4 g of peptone, lOg of calcium earbonate, and 500 cc. 
of water, temperature, 42“C , tune analyzed as noted) 





Culture Ko 




Ratio alcohol 

Time after 




2 


3 



to acetone 

inocula- 
tion, days 

Ace- 

Alco- 

Acc- 

Alco- 

Ace- 

Alco- 

Ace- 

Alco- 



tone, 

hoi, 

tone. 

hoi, 

tone. 

bol. 

tone. 

hoi, 

By 

By 


per 

cert 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

weight 

zaols 

3 

4 6 

12 3 

4 0 

11 4 

3 3 

10 7 

3 9 

11 5 

2 0 

3 65 

4 

7 4 

16 1 

5 6 

IS 5 

4.0 

12 3 

5 9 

13 9 



5 

8 9 

18 1 

7 4 

16.6 

C 1 

14 7 

7 6 

10 5 

V ' 


G 

9 2 

18 9 

8 6 

18 4 

7 4 

Till 

8 4 

la 4 

W '■ 

j! jl 

7 

9 3 

19 4 

9 0 

19.4 

7 7 

18 1 

8 7 

10 D 

K ’■ 

jfl 

9 

9 3 

19 5 

9 1 

19 4 

8 3 

20 0 

8 9 

19 6 

V t 


13 

9 4 

19 5 
1 

9 0 

19 3 

8 8 


8 7 

10 0 

1 1 

1 ■ 


1 NoRTHROr, J. 11 . L II A»BR,andJ K 6mio»,/«ir CA»m , 1 (1913). 


The Fermentation of Corncobs. — Peterson, Fred, and Verhulst* 
(1921) devisfd a method for hydrolyzing corncobs and fermenting the 
sugars thus produced 'v-ith Bacillus acctocthybcus. The corncobs were 
hydrolyzed for 1 hr. at a steam pressure of 20 U> Tlic ratio of tiic 
weights of the water, corncobs, and sulphunc acid used for the hydrolysis 
Was 200:50:4. The hydrolyzate obtained was neutralized w^ll^ calcium 
hydroxide and pressed, and the residue was washed. The sugar content 
of the mash was adjusted to a 3 per cent concentration (as glucose) 
The re.action of the fermentation was roamtaineil between 7.0 and 8 1 
at the beginning. SufTicient calcium earlKinate wa» added to neutralize 

' Clt 
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the acids formed. On the basis of 100 jb. of corncobs, the yield was. 
2.7 lb. of acetone, G.8 lb. of ethanol, and 3.4 lb. of volatile acids. 

The Fermentation of Oat and Peanut Hulls. — In 1923, Fred, Peter- 
son, and Anderson^ reported that B. acctoethylicus {B. acetocthylicum] 
produced acetone and ethanol from the sugars obtained by the hydroh-sis 
of oat and peanut hulls. (These hulls are waste products obtained in 
the manufacture of oatmeal and peanut butter.) The hulls were hydro- 
lyzed under a pressure of 15 lb. of steam for 2 hr. with 2 per cent sulphuric 
acid The hydrolyzate was neutralized with milk of lime, and the sugars 
were e.xtracted by pressing and washing. From oat hulls, as high as 
26.5 per cent of reducing sugars was obtained as glucose; from peanut 
hulls, 7.6 per cent. The sugar concentration of the mash was adjusted 
to appro.ximately 3 per cent as glucose; calcium carbonate, peptone, and 
sodium phosphate were added, and the mash was inoculated >nth B 
acctoethylicus. From 100 Ib. of oat hulls, 7.2 Ib, of ethanol, 3.9 Ib of 
acetone, and 1.4 lb. of volatile acids were produced. 

For further details of this fermentation consult some of the references 
listed at the end of Chap. XII. 

Mechanism of the Ethanol-acetone Fermentation.— Xeuberg wd 
his as.<!Ociatcs suggested that acetone xvas produced by either the amylo- 
bacter or macerans typo of organism according to the following sequence. 

2CH, CHO Cll, CHOH CH,-CHO CllyCO ClUCOpn -» CH,C0C1U 


Spealeman’s Theory. — Spoakman* contributed valuable additions 
our knowledge of the biochemistry of the ethanol-acetone fermenta ion 
He demonstrated that hydrogen gas, as well as carbon dio.vide 8^®' 
formed during the fermentation of carbohydrates by B. aceloct y 
Previous workers had reported gas formation in terms of carbon lo 

Using data derived from his own experiments and those of ^ 
investigators, Speakman formulated a scheme to show the mec a ^ 
of the formation of the end products of the fermentation, n le 
fermentation of B acetocthyliciis, ethanol, but no acetone, is 
at the beginning of the fermentation; later both ethanol an acc 
formed simultaneously. Thus Speakman suggested that c 
in two different ways: one involving a process in which no acc o 
produced, the other associated uith acetone formation. hvdro'ddo 

Periodic neutralization of a fermenting mash mth so mm 

resulted in an increase in the volatile acid content and a ccrc 

> Fred, E. B , \Y. 11. Petebsok, and J. A. AxdeRsov, Joxr In'^ Bng 
16: 126 (1023) 

* Sfeakman, H. B , Jour, Dtol, Chetn., 64: 41 (1935) 
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yields of ethanol and acetone. Hence, Speakman ruled out the possi- 
bility of a C.annizzaro reaction of the following nature. 

cii, cno + II, CH, cHiOii 
cn, Clio + 6 cii, cooii 


Speakman demonstrated experimentally that pyr\ivic acid was pro- 
duced by B. acetoclhyhcu& from both glucose and maltose during the first 
half of the fermentations. Later acetone accumulated, but free pjTuvic 
acid could not be delected. These facts suggested that pyruvic acid 
might be an intermediate in the formation of acetone. 

In the fermentation of glycerol there was an almost complete absence 
of both pyruvic acid and acetone. Speakman reasoned that acetone 
was not produced because its precursor, pyruvic acid, was not formed, 
except possibly in traces, from glycerol As an alternate explanation, 
he suggested that pyruvic acid, if produced m quantity, was convertc<l 
to products other than acetone He added pyruvic acid, neutralized 
with sodium hydroxide, to mashes containing glycerol Acetone accumu- 
lated in the fermenting medium, part of it after the pyruvic acid had 
disappeared from the mash. Acetone was produced likewise from pure 
pyruvic acid. These facts indicated that pyruvic acid might bo an inter- 
mediate product in Iho fermentation. 

Since both formic and acetic acids were protluced from pyruvic acid 
by fermentation mth B acelocthylian, Speakman suggested that they 
wore formed from pyruvic acid according to the following equation; 
c\u CO coon + H,o — rji, coon + ncooii 


Lactic acid «as produced rapuBy in tljo fermentation ma'^li during tiic 
initial stages (Spe.akinan). The proihictum then fell to a constant level 
and continued lluis to the end of the fermentation 

Speakman proposed, as the result of the foregoing oh'^erwitions, the 
following scheme (1) for the produel jon of substances during the fir«t 
part of the fermentation: 


cii.cnoii-coon 

- cn, ^ot’oon + iii — t n, ruo + co, 

VrnMv Ac»Ul<l»hy<Jir 

iwW , __ 

I + HA) I + H, 

cn, coon + ii coon ch, cha>h 

AcftieaoJ Fonnteaoa i Umnot 


Tlio following equations ncrc suggc^tcil by .'Speakman to explain 
the changes that took place later in the fermentation, uhen atx’talfleliyde 
w ns found in the free state m the ccM as tlie result of its more nipnl forma- 
tion than reduction: 
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2. 2CH,.CnO ■ 


' CHj'CIIOII'CHj'CHO (Conclffuation mctfon) 

AMot 


( CHrCHOHCHrCnO 

\ Aldol 

) CHicrro 

\ Acetaldehyde 


0 CFii-cnon-ciij cooh coridafioo* 

1 /t-Hydro*ybutyric acid reduction 


H, 


/CHj cnon-CHjCooH o 


fCHrCHO 

^ Acetaldehyde 

cHrCociijCoon - 

Acelaacetia acid 


H, 


•* 4* 

CHrCHrOH 

Ethanol 

ciri-co-cn,coon + HtO 

Acetoaeetle add 

* -j- 

CIIrCIIiOH 

Ethanol 


• CHrCO CII> + CO* (Deearborylation 

Acetone Catbon reaetios) 


In the fermentation of glycerol there u'as more active hydrogen avail- 
able than was the case in the fcrmonlatton of gIucO!^e. Thus acetaldehjde 
was reduced principally to ethanol »i tiic fermentation of glycerol, 
only a slight amount was condensed to aldol. An increased production 
of acetaldehyde followed the addition of p>TUvic acid to the glycern 
fermentation, but there was no proportional increase in the 
of active hydrogen. Accordingly, some of the acetaldehyde conden. 
to aldol, and the second part of the Speakman scheme became operatae. 

Bakonyi’s Theory. — Bakonyi* doubted the thcorj' that 
produced from aldol through ^-hydroA'ybiityric acid, for he state 
neither B. macerans nor B. accloclhyliais fermented ^-hydrox} u yn 
acid readily. . 

In the fermentations c.arried on by tho acetone-ethanol i 

Bakonyi (1920) observed that ctJiyl alcohol and acetone were pr u 
from carbohydrates, in the presence of calcium carbonate, in t 
tion of 2 molecules of tlie former to I molecule of the latter. 
tion of acetaldehyde or aldol to a fermenting mash resulted in ^ ^ 

of ethanol and acetone in the proportion of 2 molecules of tt 
molecule of acetone. From 2 molecules of acetic acid (calcium a 
1 molecule of acetone was produced. , . 

On the ba.sis of the foregoing data, Bakonjd suggested a j-ifugflce' 
dismutated to ethyl alcohol and acetic acid, the acetic aci 
tone. (Compare with the butanol-acetone fermentation.) . 

The fermentation of starch w’ould be thus e.xpressed as o 

2C.H,.0. + 3H.0 2Cjr,-Cir,OH + CH.-CO CH. + 5CO. + 

Starch Elbanoi Acetone 

No matter what theory one accepts to explain hsl' 

tho fermentation, it is necessary for the scheme selecte 

> Bakonyi, S , Biochem Zeit., 169, 125 (192G). 
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anced oxidation-reduction relationships and carbon partition. Complex 
changes take place in the breakdown of protein materials. It is impor- 
tant not to forget that here too changes are taking place which have a 
strong influence on the types and quantities of the end products of the 
fermentation 

References 

See Chapter XII 
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THE BUTYL ALCOHOL-ISOPROPYL ALCOHOL FERMENTATION 


The fermentation in which butyl alcohol and isopropyl alcohol are 
formed as the two principal products of commercial value is related in 
many respects to the acetone-butyl alcohol fermentation (Chap. XII) and 
the acetone-ethyl alcohol fermentation (Chap. XIII). 

In fact, these three fermentations have many points of similarit)- 
both as to conditions that must be imposed for succe-^ssful operations and 
as to the organisms involved. The bacteria causing these fermentations 
apparently all belong to the same group and arc so nearly related that 
species difTercnccs are ditiicuU to detect when they are described or 
classification purposes. In fermentations carried out on a sizable scale, 
however, the several species or strains show distinct differences in 
behavior and in the qualitative and quantitative analysis of the en 
products. Therefore it seems reasonable to regard them as pcpara e 
fermentations. _ , . 

Isopropyl alcohol (isopropanol) like butyl alcohol is a valuable son 
and can be used advantageously to replace ethyl alcohol or 
several industries, notably the manufacture of perfumes an 
preparations. . f t ow 

The fermentation process may not become a very 
industrially since isopropyl alcohol is now obtained as a 
cracking petroleum in the manufacture of gasoline. The presen 
is met in this way. As in the case of glycerol, the fermenta 
may become economically advantageous under conditions o 
demand. j 

Beijerinck* (1893) isolated an oi^anism that prt^uced u a 
malt sugar. This organism, although described as Granu o .. 
cum, has since been designated as Clostndivm butyUcurn 
Donker. _ ferment^’ 

The occurrence of isopropyl alcohol (CH 3 'CHOH C^a) tha* 

tion product was observed by Pringsheim* in 1900. ® ^'^PnngahciJU- 

gave rise to isopropyl alcohol was named Cl- h„hilicv«^ 

This organism is noiv regarded as 
(Beijerinck) Donker. 

‘ Beijerin’ck, M. tv, Verhandel. Akad. Wtienschappf^ 

!\’alurkunde, Qde Sectie II, No. 10 (1893). /jgoO). 

* pKiycsiiEisf, II H , CerUr. Bail. Parasilenk., Abt Ib * • 


named Vi- i,iUu!icv”i 

possibly identical with Cl- J 

Atniterdam, 
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Folpmers' (1920) i&olatcd GranultAacter butylicum [CL hxdxjlicum 
(Beijerinck) Donker] from malt and demonstrated that the products of 
fermentation included not only butyl alcohol, but also isopropyl alcohol 
and small amounts of n-propyl and isobutyl alcohols, and acetic, butyric, 
and isobutyric acids. 

Morikawa* isolated an organism designated as Bacillus tcchnicus 
Prescott and ^lonkawa, which produced from koji mashes butanol; 
isopropyl alcohol; traces or small amounts of acetone, acetic, and butyric 
acids; and hydrogen and carbon dioxide. This organism appeared to 
differ in several respects from the organism described as Cl. amcricanum 
Pringsheim. The fermentation brought about by B tcchnicus has been 
studied by Morikawa and Prescott,* and by Dunn.* 

Cl bulylicwn (Beijerinck) Donker was studied fay Van der Lek.* 
Considerable research concerning various aspects of the butyl- 
isopropyl alcohol fermentation has been carried out by O&burn;* O&burn 
and Workman;^ Osburn, Brown, and Workman;* Langlykke, Peterson, 
and McCoy;* Langlykke, Peterson, and Frcd,*®Sjolandcr, Langlykke, and 
Peterson;** and others. 

Some General Considerations concerning the Fermentation. — There 
are several organisms that have the ability to produce isopropyl alcohol. 
These are closely related In view of the fact that Cl. buir/liciim (Bei- 
jerinck) Donker is perhaps the best known of the isopropyl alcohol 
producers, this organism and the fermentations it produces will bo con- 
sidered in some detail. 

Dcscriptionof Cl.hutyham '* — Cl liitf^haimisasporcformingobhgato 
anaerobe, possessing pcritrichous flagella It HGram-positive in young 
cultures but in old cultures may bo Gram-negative The vcgctalii'c 

' FolvMehs, T , Ttjdschr Vrrgdtjli Gmersl^unde, 5-7 (1020-1'}22) 

* MoaixiWi, K , "A New BijtvJ nnd I«>prop>l Mcohol Fcrmonlntion," Tlic~.i<. 
i'fass.'ichuiptts InHtitutP of TccfinofoRV, C’amtwutRe, 

’ MoniKAWA, K , and S C Pnr'srorr, Jour. Bari , IS: 5S (1027) 

* Di'nn, C G, "A IJiorhmjraJ ImcsttRntion of tlw Metal'olic AcUmIios of 

Uchninis," Thr^js, MflwarJiwsrtts InitiUite of Torlmology, rnmhniipf, 1031 

* Van dfk I.ek, J H , Prlfl, 1230 

‘ 0«nrnN, 0 I. , loira Slair Coll Jwr Bn . 10: 07 (I'l35) 

’ O'-nrnv, O L./indC II ^^EnK^MN, /nd Eng CArm , 27* 410 (103>) 
*0antnN,O L.n W BnoiN-A.andC II Wfukmav, Jour /?io/ Ctirm , 121 : OS.^ 
(1037). leva FtnU (Jo(l Jour Sn , 12 : 275 (103S) 

•L^soitkke, A r,W II I’ETrnAox, and K McOot, Jour /Inrf . 29: 333 (1935) 
'“I.^Nr.MKKK, \ r , \\ n Fr.TritAON, and n 11 Faro.Joir /Inrl . 31: 443 (1037). 

” fijnuwinR, N, O , A r I.^AOLTRsr. and tt' If I’rrrR'ov, /m/ Eng Chrm., 
30: 12.>1 (IWH) 

'• <”<«irli-*<v of 0>1iiirn. Brown, nnd WprVmnh. tmm Staff Coll Jn>ir Sn . 12:275 
{1‘I3S) 
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colls of n 2 Mir. culturo Rrown nt 37*C. in » -I per cent com mash contain- 
iijff potato o.Nirnct arc rfxJ>>}inpnl, 2 to 0 /i in Icn^rth aarl 0.7 to J.5 p h 
width. The^c cells, wliich liave rounded ends, occur singly, in pairs, or 
in chains. Granuloso is prc-'cnt in yourig cells. Old cultures contain 
many spores. 

Tlio oj)tiinuin teniiHirattire for growth is 37®C. 

Cl. huUjlicum d(K‘S not pro<iiice indol; reijiire nitrates to nitrites; 
licpiefy starch; n«‘«imilato iwptone, unlc-'S carixdiydrates arc 'prc-'cnt; 
or utilire ammonium .sdts. It is ca(nla.‘>e negative and forms hydrogen 
hulpiiiile from .suljiiiites, lliiostilphites, and oatmeal. 

Acid and gas aro fonmsl from amygrlalin, arahino«o, ccllobios!, 
ilextrin, dimethylglueoHide, e-'culin, guIactO'i*, rIuco-o, glycogen, inositol, 
inulin, laeloxo, Ievulo'‘e, iiialto-s‘, tnelihio'C, inclezitose, rafiinos?, rhnm- 
no'C, salicin, htarcli, Kucro''**, irelialo'C, and .xylos*. Xo acids or gas ^ 
fonuod from udonitol, dtilettoh crj'lhrilol, glycerol, m.annitol pectin, 
sodium lactate, or sorbitol 

'rho final products include butyl and isopropyl alcohols, carbon diotidc 
and hydrogen, small <nmntities of butyric and acetic acids, and posab’e 
traces of acetone and formic acid. 

6V<jnido6ac/erbuti//ie«m (Bciierinck) and Cl. ninrricamnn (Prin^h'^^j 
nre names now considered to be s>'non>'ms of Ci buhjlicum (DcijenDC ) 
Donkcr 

Nitrogen Sources. — Some of the most favorable sources of nitrogen 
for the butyl-isopropyl alcoliol organisms nre ye.asi extract, 
malt sprouts, an<l com steep. Ivach of thc'S’ nitrogenous su 
contaims protein in a partially hydrolyzed form. Other partial!} } 
lyzctl prolein.s may be tw'd ii.s sources of nitrogen Cl buhjlicum 
not hydrolyze protein.s appreciably. i 

Malt sprouts have lieen U'-ed by lieijcrinck, 1-oIpmers, ^ 

Werkman, and others. One sample of mall sprout.s iwl by 0? 
Workman* contained 3.52 |>cr cent of nitrogen, 10 jier cent o nia 
and 18 per cent of starch and <IcNtrin. Of the nitrogenous ina 
per cent was soluble m hot water, and 30 per cent was in t e 
amino nitrogen. nroduct?, 

During the proce.s.sing of com in the manufacture o co ^ 
the clean corn is steeped fornppro.ximntely 2days in warn "a 
ing a small quantity of .sulphur dioxide. Soluble materia s arc ;j3Ciwd 
T he steep Water is concentrated to npprovimatel}' 12 11 n'uscd* 
as “corn steep.” In some of their work, Osburn and ' , 
sample of com steep water containing 2.89G per cent of 
the water was neutralized, 34 per cent of the nitrogenous 

* OsDURN and Wbukmas*, foe, eit. 
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precipitated out. Of the total nitrogen left, 32 per cent was in the form 
of amino and amide nitrogen, and it was assumed that the remaining 34 
per cent was contained in partially hydrolyzed protein and albumins. 

Osbum and Workman* demonstrated that from 5 to 11 per cent of 
isopropyl alcohol and from 19.5 to 25 per cent of butanol could be pro- 
duced from 4 per cent glucose media containing mixtures of com steep 
water and malt sprouts or com gluten (the proteins of corn gluten are 
zein and glutelin principally) 

Low yields of butanol (3 to 4 per cent) were obtained in the fermenta- 
tion of 4 per cent com mashes by Cl butyltcitm, but the addition of 1 g. 
of yeast extract, or 5 cc. of com steep water, per 300 cc. of mash resulted 
in vigorous fermentations that went to completion with the production 
of 12 to 14 per cent of butanol * 

The addition of asparagine,* yeast extract, or peptone to 5 per cent 
com mashes caused large yields of butanol to bo formed in place of butyric 
acid by CL butyheum The stimulating effect of asparagine was pro- 
portional to the amounts used up to a concentration of 0.4 g. of aspara- 
gine per 300 cc. of 5 per cent com mash 

Composition of Some Media.— In some of their research, Osbum and 
his as«!ociate 3 * used a basal medium of the following composition: 

Per Cent 

Glucose 2 

Peptone 0 ^ 

Difeo ycAst extract (powdered) 0 2 

Dipotassium hydrogen phosphate 0 1 

Langlykkc and his coworkers* employed a medium containing the 
following ingredients 

Glucose 
Peptone 
Asparagine 

T)iba8ic ammonium phosphate 

Neither peptone nor asparagine was salisfactorj' as tho solo source of 
nitrogen. 


Per Cent 
3 (approx ) 
0 5 
0 1 
0 07 


' Osnirnv and Wkrkman, he etl. 

* OsnvRV and Wcrkmax, op nl ,37: 410—119 (U135) 

UlROw.v, U W, G I. Staiiut, andC II WrRfc.KAS, /oira CoW Jour, Brt, 


12:21.^2.')! (193.S) 

‘OsnvRs.O L.H-W Brown-, and C 11 Wfhku^s, Jour. Biot C/irm , i2l: 
r-VM)'!.') (1037) 

* l.ASni.TKKF, IVtjrsov, and I'kep, tor nt 
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Isopropyl Alcohol from Wood Sugars. — ^The utilization of wood sugars 
in the production of butyl and isopropyl alcohols has been studied by 
Sjolander, Langlykke, and Peterson.* 

Tlie wood hydrolyzatcs, similar to some obtained in the SchoDer 
process (Chap. IV), were treated to remove inhibitor}' substances 
Excess calcium carbonate was added to neutralize the acidity of the 
hydrolyzatcs. The precipitate of calcium sulphate formed was removed 
by filtration, and the filtrate was adjusted to a pH of approdmately 
10 with lime to cause precipitation of iron and copper. Again the 
medium was filtered. The filtrate was acidified to a pH of about 05, 
clarified with norite, and adjusted to a pH of G.O.’ 

As a result of e.xpcrimenlation, a nutrient medium containing the 
following constituents was used by' Sjolander, Langlykke, and Peterson. 


Per Cent 

Malt sprouts ... 2 

Dried whole Jiver. . . . ••• 0.25 

Dibasic ammonium phosphate ' • ' ® ^ , j 

Treated wood sugar solution As inawa e 

Calcium carbonate 

Calcium carbonate was sterilized separately and added, using a>epw 
precautions, to the sterilized medium. The inoculated mashes 
incubated at 37®C. for 5 days under anaerobic conditions. 


Table 78. — Pnopuers or Feriientation bt 


Cl. 


Cerbobydrate 

source 

Suear a 

I giucose 

Neutral 
volatile 
producta, 
per cent* 

Orianal 

concen- 

tration. 

Fer^ 

mented. 

ItemlocL 10 

3 IS 

92 

34 C 

Beech 11 

2 S3 

90 

33.2 

Glucose 

2 go 

99 

29.8 

Beech 11 (ether-et- 




tracted) 

2 99 

75 

20 8 

Olucose + acefate 

2 93 


28 7 



ISJOL-INPEB N O.A F LAIIOI.Y*KE,*BdW.H.PrTSBSOJt./wt.i'"^ Chtm,. 
’ BMed on tlic apparent sueor fermented 
> Volatile acida in uninoculeted medie (la mOIigTaini per c 


r cubio cenUmeter) 


’ Sjolander, Lwglykke, and Pbterso.v, loc c%t. 
*Ihid 



THE BUTYL ALCOHOL-ISOPROPYL ALCOHOL FERMENTATION 3t>o 



A.,t„ 

Butync 

Hemlock 10 

i 4 

0 

Beech 11 . . . . 

' 9 0 

0 2 

Beech 11 lether-extracted) . . . . 

0 4 

0 

Glxicos* + acetate ..... 

St 

0 1 


The results of some experiments, using Cl. hulylicum, are given in 
Table 78. 

An examination of the foregoing table indicates that more isopropyl 
alcoliol ivas formed from hemlock 10 and beech 1 1 w ood sugars than from 
glucose. It was assumed that the higher yields of isoprop> 1 alcohol from 
the media containing the wood hydroij'zatcs were due to the acetic acid 
contents of the uninoculated media. These contents were reduced 
(luring the fermentation 

In order to ascertain the correctness of the assumption that the 
increased yields of isopropyl alcohol were due to the acetic acid prc.«ent 
in the unmoculated media, Sjolandcr and his associates earned out two 
experiments. In one experiment beech 11 nood hydrolyzate nas 
extracted for 48 hr continuously mth ether This cthcr-o\tracted 
medium was thus nearly freed of volatile acids Tabic 78 shows that 
the products formed by fermentation of thus medium vere similar quanti- 
tatively to those produced from glucose In the otlier experiment, a 
(juantity of calcium acetate, equivalent to the acetic acul of the une\- 
tracted beech 11 wood hj'drolyzatc, was added to a medium containing 
glucose as the source of sugar Tlic pcr(^entagc of isopropyl alcohol 
produced was over twice that produced in the glucose solution con- 
taining no Calcium acetate, but the yield of butanol was considerably 
smaller. 

Yields of End Products. — llic quantities of end products formed from 
glucose by Cl hutylicum in a scncs of laboratory experiments are shown 

in Table 79 

Effect of Neutralization with Sodium Bicarbonate. — Odjum and his 
associates' added sodium bicarbonate to fermenting gluco'O iniushcs w ith 
the result that butyl alcohol ami isopropyl alcohol pnxiuction was almost 
complotelj’ supprc&s 4 xl, tlie formation of isopropyl alcoliol being inbibitctl 
more markedly than tliat of butanol In the prc.senec of relatively large 
concentrations of sfKluim bicarbonate, salts of aectie, liiilync, formic, 
lactic, and pyruiic acids accumulated in the mash 

In carri'ing out the experiments. Osbum, Brown, and ^^e^kman 
•OsBifiN.O 1. U \V llnowN.andC H II, M C/irri , 121 : (iV> 

111137) 
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Table 79. — FfinwENTATiON or Glucose by Cl butyhcum' 
(^^edium ; 2 per cent solution wth 0 7 per cent peptone, 0 2 per cent yeast eifrart, 
and 0 I per cent dipotassium phosphate}* 



■ OMPRy. 0. L.. n. t\'. DROtw. and C H. Wmimam. Jovr.Bxot. Chtm., f 685 
* Ratio o/ otidi*«<l to c«du<ed produota; a pettact ratio • Id) (ct Erb, Wood, ana it > 
Baet , ai: d95 (lOSS), for o)etliod of calculation). 


added an 8 per cent solution of sodium bicarbonate to the 
glucose mashes after the fermentations had become Cj. 5 t 

after about 14 hr. In each case, the solution was added rapi 
and then gradually until the weight of sodium bicarbonate a e 


Table SO.—Fersientation of 2 0 Peb Cent Glucose by 

(In presence of sodium bicarbonate, 0 7 per cent peptone, 0 2 per cen ) 

0 1 per cent dipotassium phosphate)* — 


IVoducb escalated per 100 nulluDola ^ocoje/eraeol^d 


Butjl. Bul/rm, Ae«li«, I^nine. Lactic, Foroi'c. I 

PTTipyT, jjuji,n,g|,l|mjjjHmjjJu,jjua<ils miaiBioli.inilliiaclsj 


— i OiMi- 

i Carboo iiea- 

Carbon I Bjiro - 1 pB 

diolide, 8*3' eredper 

- mlliads BiO-BoJ* cent 


J 30 0 S<0 J4 0 3 0 13 3 " “J |» S » I jj 

2 3 0 3 0 51 0 33 0 12.0 37 8 0 " *7 4 89 4 ' f! « ( 

3 5 4 1 8 33 7 27 0 11 2 58 2 27 0 » 5 879 820 

4 07 19 30 6 334 76 W2 «8 ^ 87.9 j v | 

» OsariLv. 0 L , n. W Broito, »od a H W»*«iy. 7«r. B»(4. C\m . HH ^ 
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equal to the u cight of the sugar being fcnnented. The results of these 
experiments are shown in Table 80. 

Methylglyoxal was isolated from the fermenting mashes and identified. 
Isopropyl Alcohol Production by Bacillus technicus. — An organism 
isolated from koji rice and described in 1926 by Monkawa^ produced 
butyl and isopropyl alcohols, acetic and butyric acids, carbon dioxide 


Table 81 .— Permentatioss Characterised bt the Production op IfeOPROPYL 
Alcohol* 


Culture 

no. 

Glucose 
fermented,* 
per cent 

Acidity 

0 1 N NaOR 
in 10 cc., 
CC. 

Neutral volatile products based on 
fermented 

glucose 

Butyl 
atcoh<>t, 
per cent 

Ethyl 
aicohof, 
per cent 

Iso- 

propyl 

alcohol, 

percent 

Acetone, 
per cent 

Total, 
per cent 


94 9 

3.95 

19 2 

H 

Mil 

0 5 

20 9 


94.9 

3.70 

22 2 



0.7 

29 6 


91 1 

3 75 

19 3 


52 

0 0 

27 7 


78.0 

5.30 

17.8 

2 1 

4.5 

0.0 

25.0 


76.1 

4 S5 

10.6 

2.8 

6 1 

0 8 

20 3 


94.8 

4 30 

15.7 

Hi 

3 2 

1 0 

22 0 

30 


3 6S 

21 0 


3 8 

I 3 

27 8 

46 

04.6 

3 30 

17 1 

Bi 

3 8 

3.7 

27 0 


‘ A. P , W. I! PuTeiisOK. *n<l E McCor. Jm. Bad . »» : 315-317 (1035) 

* Tb« medium contKtcd of & doubl*-«Irenctb jtcmI «»ter C'lbe w^tB^ extloct of ft*«h. itarcb- 
rr * P*rl»t«r of tap watej") cootaiAins 2 5p»r tout U>* reoction ocnuttcd to 


and hydrogen and traces or small amounts of acetone as the prinripal 
end products from suitable nutrient carbohydrate media Hydrolyzed 
loji rice; malt sirup; cerolose; mixtures of dextrins, maho'^c and glucose; 
or mixtures of hydrolyzed koji nee with certain other sugars were rcadilj' 
fermented. Unhydrolyzed corn mashes, purified glueo-c or maltose, 
and blackstrap molasses were poorly fermented with low yicUU The 
optimum concentration of sugar was 10 to 13 per cent, the optimum 
reaction, pH 5 to 7. Good yields were obtained at temperatures of 2S 
to 3T*C. Calcium carbonate stimulated the formation of neutral 
bolvonls. 

Isopropyl Alcohol Production by Butyric Acid Anaerobes.— 5?ome 
butyric acid anaorobc.s produce i*-opropyl alcohol However, the princi- 
pal neutral solvent formed is butyl alcohol. Ethyl alcohol is formed in 

' •'fonjKAH-A,/<w.aV;rRLscorr,S. C.amlK Morikawa, U.t? Patent I,033,0‘I1. 
•^ov. 7. 1033 





CHAPTER XV 


THE ACETIC ACIP BACTERIA AND SOME OF THEIR 
BIOCHEMICAL ACTIVITIES 

The aeotic acid bacteria l)cIong to the family Pseiidomonadaem} 
The cells arc rod-shaped, but clongiitcd, filamentous, club-shaped, sn'ol* 
len, or branched forms may occur. They may bo motile or nonraotile 
and do not form endospores. The bacteria may secure energy by the 
o.xidation of ctlianol to acetic acid, by tlic oxidation of various sugara 
and other alcohols, or by anaerobic dissimilations. 

The following members of the genus Acetolacter are listed and 
described in “Bergey's Manual":' 

Acelobftcter acclt (KtZUinc) Bcijcrinck (ll»e type gjK’cics) 

A. pasteiirianum (Hnnscsn) Bcijermrk 
d. kueUinsianum (flansen) Bergey cl al 
A . leidlen Boijcrinck 
A. acelosum (Henneberg) Bergey ct nl. 

A x[/hni<ni (Brown) Bcrficy H al. 

A ascendent (Ifenneberg) Bergey cl al. 

A. pUcatum Fuhrmann 

A. acetigenum (ffennoberg) Bergey cl a/. 

A. oxydana (Henneberg) Bergey ct al. 

A induatnum (Henneberg) Bergey cl al. 

A. Toncens Beijcrinck 
A. maJanogenum Beijcrinok 
A. suberydana Kluj-ver and dc Lceuw 
A viacoaxim Shimncll 
vl capaulahtm Shimwell 
A. glucontcum (Hermann) 

A turhidana Cosbic, Tositf, and Walker 
A peroxidana Visser’t Hoofl 

. . * «r oretic 

Henneberg has described the five following species 
bacteria, which are listed in "Bergey’s Manual’ '• 

Bacterium schuelzenbachtt Henneberg 
Bad zxjUnoidea Henneberg 
Bad orleanense Hcnnehet% 

Bad. tnni acelati Henneberg 
Bad. curvnm Henneberg 

Bad. dihydroxyacdontcm Virlanen and Bariund 

. , . » fifh ed The U'lllianis 

' “Bergey’s Manual of Determinative Bactcnologj; » 

Wilkins Company, Baltimore, J948. 
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Biochemical Activities of the Acetobacter. — The biochemical activities 
of the Acetobacter consist mainly of aerobic and anaerobic dissimilations 
and the synthesis of polysaccharides. The aerobic dissimilations are, 
from the industnal viewpoint, most important, including the oxidative 
dissimilation of sugars and alcohols The oldest and best knov-n of the 
fermentations brought about by acetic acid bacteria is that in which 
acetic acid or vinegar is produced 

VINEGAR 

Vinegar may be defined as the condiment made from sugary or 
starchy materials by alcoholic and subsequent acetous fermentations. 
The term literally signifies "sour wine,” according to its derivation from 
the French (yinaigre « t'tn, "wme,” plus mgre, "sour” or "sharp”). 

Composition. — The composition of a vinegar will depend somewhat 
on the nature of the raw material tliat has undergone alcoholic and 
acetous fermentations. The conditions of manufacture, aging, and stor- 
age will also influence the composition of the product. In a cider ^dnegar, 
for example, one might find, besides at least 4 g. of acetic acid (CH*- 
COOH) per 100 cc. of vinegar at 20*C , traces or small amounts of alcohol, 
glycerin, esters, reducing sugars (os invert sugar), pentosans, salts, and 
other substances '■ 

The Food and Drug Administration of the United States* has adopted 
the following definitions and standards for vinegars. 

Vinegar, ader vinegar, apple vinegar Tlie product made by the alcoholic 
and subsequent acetous fermentations of the juice of apples. It contains, in 100 
Cubic centimeters (20*C.), not less than 4 grams of acetic acid. 

IVine vinegar, grape vinegar. The product made by the alcoholic and sub- 
sequent acetous fermentations of the juice of grapes. It contains, m 100 cubic 
centimeters (20'’C), not less than 4 grams of acetic acid. 

Malt vinegar. The product made by the alcoholic and subsequent acetous 
fermentations, without distillation, of an infusion of barley malt or cereals w fio«c 
starch ha-s been converted by malt. It contains, in 100 cubic centimeters (20'’C.), 
not less than 4 grams of acetic acid. 

•Sugar nnegor. The product made by the alcoholic niul sub'-cquent acetous 
fomentations of sugar sirup, molas«c<>, or refiners sirup It cont.iin«, in 100 
cubic centimeters (20®C.), not loss than 4 grams of acetic acid 

Glucose rt'ncgnr. The product made lij’ the alcoholic and subsequent acetous 
fcnncntalions of a solution of glucose, is dertrorotatorj' and contains, in 100 
cubic centimeters (20*C.), not lcs.s tlian 4 grams of acetic acul 

' ilhooKs, U O , "rritical Rtudicn in the I^rgsl Chpmi-Hir^’ of FikxJs,” Itclidiold 
Pubh'hing Corporation, 1027 

*U.S l>pt of ,\grieulttirc, F D , Srvire and Itcpilnlon VrinnunM'tn. iit«, 
Fofxl and Drug, No 2, Ilcv. Novcnilxf, 193C 
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acetous ferracntatiot^nmute'SlST ’’J' 

™to« (20T.,, not .css 


•'■ousands. 

cthanoUo 'onversioef 

Fifteen 3-oars“arLr Per „ ‘ “’’™' ''""B ™i"™rganums 

tluu formed on liquids in^dlrn ‘o ®” 

it remained for Pasteur (lU^ treo ? 
provf' fh/^ nhtr.:^} • r ^ Confirm Ivntzings opinion and (o 

liou-cver holi-t/. /ormentnfion. Pasfmr, 

of bacteria Vjim f fermentation «-as caused b}- a single species 

one sDecict^* Ifi In 1878, Hansen shoircd that more than 

o.\idation nf t} /> bring about fJie souring of beer, (>., the 

acelt nnd /?* (0 acetic acid. He isolated and named 

ZLZt At a later date he isolated Bad 

JSo? M "u' ^ * /oiirtli species was described by Brown. About 

other spedos reclassified tlie group and described seven! 


Nomenclature. The fitcrature contains occasionally more than one 
T. z ^Icctobaetcr, For c.vample, A. aceti has been 

roierrcd to t) 0 th as J/ accH and Bact. aceti. The system of nomenclature 
1 ( op e m Bergey’s Manual” will bo used in this chapter. 

treneral Requirements for Manufacture.— In the mnnufftctme of 
\ ineg.ar several factors are worthy of special consideration; the selection 
° ® niieroorganism; the nature of the raw material; the concentration 

oi the ethanol used, as well as that of the vinegar added at the st.art (Q 
1 > it, the amount of oxygen supplied; the nature of the supporting 
c^ecium,^ the temperature of the fermentation; aging and storage, 
c ari ication ; bottling and pasteurization; and the character and compoai' 
ion o the t.anks, containers, and fixtures coming in contact wth the 
vm^ar during the ni.anufaetiiriijg process. 

Selection of Microorganism. — ^Although there are a large number o! 
actoria, as well as other microorganisms, that have the ability to pre^c^® 
ace 1 C acid in small amounts from various substrates, only relative) 
ew actoria possess the characteristics desired for vinegar prodarii^’^ 
^act. schuetzcnbachii or Bact, curvum may be used to produce acetic acid 
rom ethyl alcohol in the quick \inegar process, W'hile Bact. 
may be used in cither the quick vinegar or Orleans process- Acdo ac ^ 
^tz, A. pasteurianum, A. xylinum, A. aacendens, and A. 
be isolated from vinegar 
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Nature of Raw Material. — ^Vinegar may be manufactured from 
almost any product capable of yielding alcohol by fermentation. Fruits 
such as apples, grapes, pears, peaches, plums, figs, and oranges; berries; 
honey; sugar-containing sirups; hydrolyzed starchy materials; beer; and 
wine may servo as raw materi^s for vinegar manufacture. 

Wine and apple juice, or cider, arc two of the best raw materials for 
vinegar production — wine being used to a large extent in France. Italy, 
Spain, and Greece; cider in the United States. Vinegar prepared from 
malt is popular, especially in England, wlule that from honey is considered 
to be very palatable. 

It is obvious that the quality of the vinegar mil depend in large part 
on the quality of tlie raw material used. Fruit should be clean, sound, 
and in the proper state of maturity; wine or alcoholic media should be 
clear, clean, and free from preservatives Cleanliness of the plant, 
equipment, and surroundings arc likewise indispensable for the produc- 
tion of a high-grade product 

Yeast Fennefltation. — Before the acetic acid fermentation can take 
place, the sugar in the fruit juice or other sugar-containing medium must 
be converted to alcohol by veast fermentation. The yeast naturally 
present in the fruit juice may bring about a successful spontaneous 
fermentation, but the manufacturer cannot rely on chance and should 
use a starter in order to ensure a siutablc fermentation. /Vlthough com- 
pressed yeast may be often used satisfactorily as a starter, the use of a 
selected wine yeast, for example, Socc/mromyccs cflipsotrfcus, generally 
improves the flavor of the final product Fermentations may be carried 
out favorably at 75 to 80*F. (23.9 to 2G.7®C It is adnsabic to follow 
the course of the fermentation nith hydrometera (Brir or liallmg) tliat 
mdic.ato the approximate percentage of sugar prc^cnt in the fermenting 
masJj. When the fermentation is complete, yeast, pulp, and other sedi- 
ment should be removed from the medium by a procc'« of settling A 
“torago period of 2 to 3 uceks it, usually allowcil for the se<limentat5on. 
after uhich the clear medium is "racked" (dr.ai%n oIT), adjusted, if neces- 
saiy, to tlje opt inium alcolioJ conrentration, and acidified by the addition 
of some pure vinegar. 

Concentration of Alcohol. — Adjustment of tlie aleohol content of the 
medium may lie necc-'sarj' in order to cn--urc a suerc-^-ful fermentation 
Alcohol in a eonrentnitirm of 10 to 13 jKir cent is readily fermented. 
Vlicn Using alcohol concentrations of 14 per rent or greater, the zooglocal 
mat forms with difficulty and the alcdiol is incompletely oxidized to 
acetic acid On the other hand, the u«c of too Ioin concentrations may 
re-^ult in the Icks of vinegar, for, when the concentration of ethanol les-! 

' CnvT«», tv. V . nnd M A Jo«lyv, Calif Air Etpt Ain . Ctre 3.13, 1931 
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than 1 or 2 per cent, esters and acetic acid are ovitJized with thelosjd 
aroma and flavor. Carbon dioxide and water are formed from acetic 
acid; 


CHjCOOH + 20* 2C0, + 2H,0 


With some species of acetic bacteria this action may occur even in normal 
concentrations. 

Acidification. — The initial acidiflcation is carried out with two objects 
in view; to inhibit the development of undesirable t>*pes of bacteria and to 
supply desirable acctic-acid-producing bacteria for seed purposes. The 
amount of vinegar added to the alcoholic medium will depend upon the 
nature of the process, but usually 10 to 25 per cent by volume of strong 
vinegar is considered to be sufficient. If the mix is to be permitted onlj 
one passage through a generator, the initial acidity may be adjusted to 
3 to 3.5 per cent and sufficient alcoholic substrate added tojdeldarinegar 
urith a final acid strength of approximately 6 per cent.* 

A medium should never be acidified before the alcoholic fennen a 
is complete, because the sugar in the medium would 
converted to alcohol after the addition of acetic acid. of 

from incompletely fermented juices are usually low in acetic aci an 
poor quality. . . 

Oxygen. — Since the conversion of ethanol to acetic acid is P” ’ 
an oxidation process, or a dehydrogenation in which otmo»p enc ® , 

acts as the hydrogen acceptor, the success of the fermentation 
in no small part on the availability of large quantities o oxjg® 
following equations will illustrate the requirement for o'^gen. 


CH,cn,ojr + W- CH,CH0 + h.o 

Ohanol 

CIIiCJIO + HO* -* ClbCOOH 

Afetaldeh} de 


.AceUeacid 


If fermentation is to go on in casks or barrels ensure 

with an adequate number of holes abo^*© the surface o t e ,_j.^poiit 

a plentiful oxj'gen supply. The openings should be “generators are 
insects, and the barrels should be only partly nued. inca-supportia? 
used they should be packed rather loosely with generator, 

materials to permit sufficient ventilation in all , feyioentation i* 

Commercial production of ^^nega^ and acetic aci } ro"' 

usually carried out in large casks of proper dcsi^ or 
structed m the form of a truncated cone provided at op 

„ « j , Mcora** 

• CniTES-s, W V., "Commercial Fruit and t egctflWff P ■' 

Hill Book Comp.in 3 -, Inc . Xew York, 1948. 
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perforated scaffolds, and near the bottom with air inlets. The generator 
thus acts as a stack or chimney m which a strong upward current of air 
takes place, bringing the oxygen in contact with the bacterial film resident 
on the surfaces of the supporting material for the film (In the section on 
methods of manufacture, the construction will be taken up m greater 
detail.) 

The Supporting Medium. — The use of a satisfactorj* supporting 
medium has much to do with the duration and success of the acetic 
fermentation, since its purpose is to increase greatly the area or surface 
exposed and thus accelerate the fermentation by virtue of the availability 
of a larger oxygen supply 

Many manufacturers of vinegar during and before the time of Pasteur 
failed to realize the necessity for an adequate oxygen supply and the u<5e 
of a support for the film m containers w here the zooglocal mat was likely 
to bo disturbed periodically Di''turbcd films sank and used up the 
nutrient materials anaerobically without producing acetic acid. Pasteur 
pointed out defects in the processes and made suggestions as to how they 
could be improved. 

A “raft” or light wooden grating may be u^ as a support for the 
bacterial film in the cask or barrel In the rapid fermentation process, 
where generators are used, the supporting medium is usually constructed 
of bcechwood shavings or chips, although rattan, wood charcoal, coke, 
pressed pomace, corncobs, excelsior, or other matc^a!.^ that offer large 
surface areas may bo substituted Coke is more durable than wood 
charcoal, while corncobs are not particularly durable 

It is essential that the malenal u^ed for supporting purposes should 
impart no undc-sirable odors or flavors to the vinegar Flic material 
should be thoroughly extracted with water and then with vinegar before 
it is used in the generator. 

Temperature Relations of the Acetic Acid Bacteria. — The acetic group 
of bacteria is charactcrize<l by verj' definite ami peculiar temperature 
relations. At temperatures below 12 to l.i^C it grows slowly, and the 
colls arc short but unusually broad From lo to 34'’C they appear to 
develop in what may be called (lie “normal” manner, growing rapidly 
and developing chains of cells of xarying numlier of units or elements. 
In suitable media the walks boeomc swollen and exhibit the early stages 
of roogloea formation. At still higher irmperaturcs (approximately 42 
to 4d'’C ) long thread-like transparent filaments w^th no ero^s walls and 
with irregular bulging and oeca-ional braurhing Imxe iKsm ob^netl 
'Hus condition api>ears to lx* a pathological state mdiieeil by high tem- 
perature, and if the cultim* is l‘mg mamtaineil umler the-s* eonditions it 
may Iomi its power to function normallv A prompt return to tempera- 



378 


INDUSTRIAL MICROBIOLOGY 


bunghole likewise screened. The acetic acid bacteria form a thin film 
on the surface of the solution, and this film later becomes quite thick and 
gelatinous. This gelatinous zoogloeal mat, which contains very ia^c 
numbers of bacteria, is known as the “mother of vinegar.” Eventually, 
unless supported on a “raft” or framew'ork, it will sink to the bottom of 
the barrel and a new film will form. 

Although vinegar of high grade is produced by this method, it is a 
slow and costly process that involv'es much attention. The films arc 
easily disturbed by the addition of the alcoholic medium and the with- 
drawal of vinegar. If they sink, they use up the nutrient substances but 
fail to produce acetic acid under anaerobic conditions. Pasteur made 
suggestions as to how to improve this process. One such suggestion 
involved the use of a support for the film. 

Modifications of the Orleans Process of the slow methods are 
modifications of the old Orleans process. A light grating of wood maj ^ 
floated on the liquid medium to support the bacterial film and prevent it 
from breaking up and sinking. Another method* * to prevent submergence 
of the film is to equip the top bungholc with a funnel attached to a g ass 
tubing that leads to the bottom of the barrel. Alcoholic solutions can 
be added with a minimum disturbing effect on the film, A glas.^ tube maj 
be attached through a bunghole in the bottom of the barrel to 
gauge for measuring the level of the liquid in the barrel 
tion and as a means for withdrawing finished vinegar without is ur 
the zoogloeal mat. , 

The Quick Vinegar Proem.— The quick vinegar Process, non «a^ 
used, is also known as the “German process.” Boerhave 
the early part of the nineteenth century’ that uhen 
to trickle down through a tall receptacle 

pomace, vinegar was rapidly produced. Schut^enbach ( 

the method of Boerhave by introducing other types of . /yjjp 

order to obtain ma.ximum contact of the organisms n i 
method used by Schutzenbach is the basis for modern me lO 


facture using the generator. arc 

Generators . — Generators are of various sizes and s i The 

10 ft in diameter and 20 ft. high. Some are 8 by 16 t. or \ 
generator is equipped with a false perforated bottom, w approu* 
enters. Some of the larger generators have a ^ nhichaiil**** 

mately halfway betiveen the top and tho bottom o t ic a , present » 
supporting the beechwood shavings or other materia u 


* Ibid. 

* Fetzeb, tv. It , Food Industnea, 2: 489 (1930). 
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large surface area for the acetic acid bacteria. The use of the perforated 
shelf prevents crushing and rnatting of the shavings due to the eight of 
the superimposed material. Near the top of the generator above the 
shavings there is a false top or perforated plate over which is arranged a 
rotating sprinkler, or sparger, for producing a uniform distribution of the 
vinegar stock (vinegar plus alcohol-containing substrate) over the top 



riu. 03 — -Generator for Quick process. {Courirsv <>/ 1 LtFcire, U,S. Dept Afpr , Farmrri 
Dull 1421, 1936) 

surface of the supporting material. In place of n sparger at the verj’ top 
of the generator there may be located a tilting trough or other automatic 
device, uhich periodically dumps vinegar stock upon the distributing 
head 

The vinegar stock may be pas«c<l through the same generator until the 
desired acidity is obtained, or it may be pavsed through two or three sets 
of generators connected in senes, each with increasing aciditj' Hie 
latter method of operation is known as "tandem operation " 

A generator 10 ft in diameter and 20 ft. high usually pro<luces SO to 
100 gal. of distilled vinegar per day * 

• Ib.d 
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The Fringe Method . — Vinegar may be manufactured by the Frings 
process. ‘ This process, in fundamentals, is similar to the quick generator 
procc.ss, but it possesses several advantages, vhich will be mentioned 
later 
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Fm.vGH Gi;M:RATon--Figt.re 04 f 
genoiator The generator consists of an “"' 'S ' (.jsjorj- eciulpuienh 
14 ft. in liiamotor and 15 ft. in height, an c ^ manner that air 

The tank is superimposed on concrete fte bottom, 

may circulate beneath the apparatus. Inside tn ’ sbav- 

is a wooden grating, which supports beeehwood shaving ' ^ 

. HAS-snN, A, R,Fc^ 7:277 (1935). FMsos. li . b 5 

Oct 4, 1932 
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ings are piled to within about J.5 ft. of the top of the generator. Be! on 
the wooden grating at the bottom of the tank is the collection chamber of 
the generator. At the verj' bottom of this chamber is a cock or faucet 
through which the finished product is \athdrawn Near the bottom of 
the tank, cooling coils are also located- The vinegar mix, which has 
passed down through the shavings, is circulated through an inner pipe 
made of stainless steel, or other acid-resistant substance, and is cooled 
by the passage of water through a surrounding outer pipe of copper. The 
mix is then forced by means of a centrifugal pump made of stainless steel 
from the cooling coils to the top of the tank through a rubber line. The 
mix passes from the rubber feed line through a glass connecting device to a 
sparger, or distnbuting arm, constructed of stainless steel 

The oxygen supplj' of the generator is controlled by a damper, located 
in a 4-m vent constructed at the top of the tank This vent constitutes 
the air outlet of the generator Air enters the generator through a series 
of intakes (10) located around the tank near the level of the wooden grate. 
These inlets contain air filters 

Thermometers are located at different points in the generator in order 
to determine the tempcruture> in the different parts. 

The generator contains a motor, attached near the pump, for measur- 
ing the rate of flow of the mix or medium, also a meter for recording the 
rate of flow of the cooling water 

A generator of the type just described may produce approximately 
thirty times the quantity of w lute vinegar that can be protiuced by a tank 
(4 by 8 ft ) of the noncirculating type.* 

cotiposmox or tub siix.^ — A 2,a00-gal. mix may contain 10 5 per 
cent of ethanol, 1 per cent of acetic acid, and 7 lb. of a special medium for 
acetic acid bacteria, known as “aceto-pep” (devised by Frings). 

OPERATiox OF THE GEXF.iBtTOR — Thc mi.\ 13 permitted to circulate 
repeatedly through thc bocchwood shavings until vinegar of the dc‘-ir«l 
strength has been obtained Diinng thc process heat is gencrntixl, and 
large quantities of oxygon arc consumed Since the tank is airtight, 
except for thc air inlets and vent, thc contmueii evolution of heat would 
produce a temperature sufficiently high to inhibit the action of the noetic 
acid bacteria. By passing the nutrient ucid-alcohol mix through the 
cooling coils the temperature of the mix i> carefully controlled Tlie 
cooled mix is returned to the sparger iind sprayed over the surface of the 
shavings It trickles down through the shaving-*, acetic acid lieing 
formed from thc ethanol. It is again cooleii and recirculated Thi-* 
cycle is repeated until thc acetic acid content of the mix ha.s liecome tO.') 

' H • NSEX, /o' rii 
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grams. It may require 8 to 10 days for the conversion of the ethanot in a 
2,500-gaJ. batch to acetic acid of this concentration. The vinegar is then 
^vithdrau'n, except for about 200 gal., which is hit as food for the bacteria 
and as a primer for the pump. A new batch of mix is promptly run into 
the generator. 

ADVANTAGES OF THE EHOCEss.— This procGss has sev^ra! advantages. 
It may be operated at a low cost and it is easily controlled and reiatively 
simple. Vinegars of higher acetic acid concentrations than thoae pro- 
duced by other types of generators may be produced. The tank utilizes 
Jess space than that required bj’ other types of generators for the produc- 
tion of the same quantity of vinegar in the same time. Losses due to 
evaporation and to the presence of fumes in the room are avoided, for 
tJie generator is airtight. The temperature of the room does not affect 
the temperature of tiie interior of the generator adversely. Owing to 
continuous operation, there is little tendency for slime to form in the 
generator. 


Vinegar Generator teiOi Automatic Control.^K vinegar generator 
system has been designed by Elmer^ m ^Yhich onlomatic control U 
cicetciseci and in. which the efficiency of yield is high. The vinegar mi-t 
flows by gravity from an elevated reser\'oir through a fluid course to the 
generator and thence to a storage reservoir. The fluid course is provided 
with a vessel for measuring the mix. A vertically adjustable float in the 
measuring vessel actuates a cock to cause the mix to flow in from the 
elevated reservoir. The mix is automatically discharged from the 
measuring vessel to the generator through the agency of a valve ^cc- 
trically actuated by an electric circuit regulated by a suitable clock. Vm 
temperature and rate of flow of air through the generator arc regulat . 


For further details, consult the patent. 

Macktn Process.—Mac^in (1947) patented a process and equipment 
for producing high-grade vinegar without the use of shavings or a sum ar 
support. The conditions of production may be an-urately and con m 
uously maintained. Essentially the process consists of 
nutrient solution of dilute alcohol containing vinegar bacteria tlwoug 
jet nozzles of a sparger located near the top of a confined space, a 
the mixture to fall as a fine mist through air bemg turbulent y circ 
in a countercurrent direction within the space, collectingt e mix ^ . 

the bottom of the confined space, cooling it to below 95^., an r 

it for reatomizing. The air used in the process is filtered c ore u • 
temperature is maintained between 68 and 95 F. by means o 
water. For further details of the process and J 
equipment, the reader is referred to tJ.S. Fatent 2,4 3, * » 

' Ei.mer, L S , Vinegar Genitfator System, U S Patent 2,156,428, 
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Revolving GeneratoTs. — Some vinegar is made by revolving generators.* 
These generators are essentially rotating drums or cylinders filled with 
shavings. The acidified nutrient alcoholic substrate is added in such 
quantity that the generator is approximately half filled (some drums hold 
500 gal ). The cylinder is then caused to rotate slowly, po-'sibly at 1 5 
r.p h., until vinegar of the desired acidity has been obtained, a process that 
may require about 3 weeks in some instances. Air, admitted through 
inlets, supplies oxygen to the upper portion of the drum The slow rate of 
rotation causes the mix to become oxygenated. This method, according 
to Cruess, is not too popular, probably on account of the expense involved 
in constructing the drums and in operating them, also owing to their 
complexity.' 

Acehc Acid. — In one commercial method for producing acetic acid, 
ethyl alcohol is converted in large wooden tanks, or generators, to a fairly 
pure dilute solution of acetic acid. Dilute alcohol is permitted to flow 
from a small wooden tub situated on top of the lank to a revolving arm, 
located just under the cover of the tank, which distributes it over bcech- 
wood shavings that have been impregnated mth acetic acid bacteria. 
The solution trickles slowly down through the generator, through tho 
bottom of w hich air enters. The acid is subsequently used in tho produc- 
tion of acetate esters 

Crude acetic acid, or "pyroligneous acid," which is the principal 
source of commercial acid and acetates, is produced by drj' di^tlUatlon of 
certain kinds of hardwoods Since it has no microbiological implications 
it need not be considered here 

Causes of Spoilage in the Vinegar Factory. Viiicpar Kds — Vinegar 
eels, i.e., nematode worms {Anguflltda accli), may !« a source of consider- 
able trouble in vinegar factonts, especially when the fruit from which the 
cider or wine is made has not been carefully controlled. They ai^o gain 
access from dirt brought into the plant, and from inwts. They m.ay 
attack tiic bacterial film and cause it to bink and in some instances cause 
deterioration of the vinegar. They arc harmless to human beings but 
from an aesthetic or quality btandpoint arc verj' objectionable in a 
product Although quite >.maU, about >)< in. long, they can readily l>o 
seen in a glass container by holding »t liefore a strong source of light. In 
the factorj' they may bo found around the edges of the >surfacrs of the 
hqmtl in barrels and in the generators. Their entrance can usually lx* 
prevented by keeping the plant in a high degree of rleanhne''S I'mpty 
casks may l>e Milphureil lightly to prevent their aeecvs. Once in the 
vinegar tiicy e.'in l>c destroyed by healing the %-inegar to a tenifierature of 

> Ciiviss, W V , ■‘('ommrrn'jl Fnnt iind Vrplal.le 3-1 «<! , MrCrsw- 

([III book Comp.»nv. Ine . -Ve^s Vork. I'»IS 
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about 130“F. (54“C.) or by pasteurization, and they can be eliminated by 
hltration, using Filtcr-CeJ, or by fining. Infected barrels, tanks or 
generators may be treated with live steam. 

jl/iVfS.— Mites breed rapidly in the presence of warmth and moisture. 
Cleanliness of a higli order may be necessary to prevent mites from 
appearing in an establishment. Dy placing a ring of turpentine or some 
other viscid or repellent substance around each air hole in a cask or barrel, 
their access may be prevented. In order to eliminate mites the methods 
used against cols may be employed. The room in uhich they are found 
must be thoroughly cleaned and may be washed with on emulsion of 
kerosene and water. Fumigating the room with sulphur helps sometimes 
Steam and hot water will destroy the mites. 

Vinegar Fhes. — ^'^ncga^ flies (species of Drosophila) breed in decayed 
fruit, fruit iuiccs, and vinegar. By preventing these substances from 
being spilled about and by keeping the factory’ scrupulously dean their 
presence can usually be ai'oided. The placing of screens over the 
windows and doors of the establishment and the use of fine screens over 
the holes in barrels in u'hich the fermentation is taking place are very 


helpful in keeping out these and other flies. 

IVtne Flowers . — “IVine flowera” is the term used by ivino mami/ac* 
turers to denote the whitish film, often mudi plicated, composed of yeast- 
like colls, uhich grows on (he surface of wines or nutrient alcobdic 
solutions. This film is sometimes called M tjeoJerma vini. Theorganisms 
making up the film are strongly aerobic, gron- very rapidly, find in the 
course of time will o.vidizo manj' of the carbon-containing constituents to 
carbon diovidc and water. Fl.ai'or and alcohol are thus destroyed, bile 
the solution become.s cloudy. AVine flowers can be prevented by storing 
the alcoholic solution in completely filled and closed containers or tan'S, 
or by adding 1 part of vinegar to S parts of the alcoholic solution. 

Darkening of Vinegar — Darkening of vinegar may be caused bj iron 
and tannin or by an o.xidasc. As little as 1 part of iron in 10,000 parts o 
vinegar may cause a darkening of the product owing to the forma ® 
iron tannates, if tannin is present in sufficient quantity 
dissolved by the vinegar by contact with some iron source, " i ^ 
may be extracted from new casks, especially oak, and also ^ 
quantity in the fruit juices. Aeration followed by fining ^ 
removes the darkening caused by iron and tannin. The 
oxidase, an oxidizing enzyme which produces darkening in i 


may bo destroyed by pasteurizing the vinegar. 

Yields. — Under favorable conditions 50 to 55 parts o ace 
be obtained from lOO parts of sugar, or approximately 1.^0 g. 
acid from 1 g. of ethanol, according to Cruess A por ion o 
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consumed in the production of substances other than ethanol and us footl 
by the yeast. There is also a loss usually of some alcohol and acetic acid 
by evaporation during the two fermentations. 

Problem. — yield of acetic acid can be obtained from 1 kp of glucose, assum- 
ing 90 per cent efficiency in eacli of the conversion processes? flow many grams ami 
ivhat volume (in liters) of air arc theoretically required to convert the ethanol to 
acetic acid? 

Sohitwn 

(180) (2 X 40) (2 X 44) 

1 CJIiiOj = 2CiHtOII + 2COj (Oai-tiiasac equation) 

Glucoee Ethanol Carbon 

dlQxKla 

(2 X 46) (2 X 32) (2 X 00) 

2 2CjH»OII + 20i - 2CH,COO!I + 211,0 

Ethannl Ox] sen a't'l 

Theoretically, 1 mol of glucose (180 g f u'lH yield 2 mols, or 120 g . of 
acetic acid, which roprehcnts 2 partb of acetic acid from 3 parts of glucose. 
One kilogram of glucose would yield (1,000/180) X 120 g. * 0(57 g of 
acetic acid. 

Assuming 90 per cent cfliciency m both reactions (1) and (2), tlie yield 
of acetic acid would be OG" X 0 9 X 0 0 = 540 g This represients a 
yield of 64 parts of acetic arid from 100 parts of gluco'c. 

From Eq (2), 92 g of ethanol would require 04 g of o\ygcn for 
conversion to acetic acid. Assuming 00 per cent enicicnpy in Eq (1), 
400 g of ethanol [1000 X (92/180) X 0 0), would theoretically require 
(4G0/92) X 04 *• 320 g. of oxygen = 224 liters Since air is approxi- 
mately ono-fifth oxygen by volume, the quantity of air required to 
convert 1 kg. of glucose to acetic acid would he 1,000 g or 1,120 litcrv 
As a matter of fact not all the oxygen m the oir becomes fixed by the 
bacteria, and several times this volume should be available 

Grains Strength. — The term “grains btrength” is commonly used to 
express the concentration of the acetic acid in a vinegar One-gRtin 
xinegar contains 0.1 g of acetic acid in lOO cc at 20®C. (1 mg per ic ) 

\ incgar containing I g. of .acetic acid per 100 cc at 20®(\, approximately 
( per lent, is of 10 grains rlrcngth. In other woixls, the grain strength 
IS ton times the acetic acid content in percentage 

Uses of Vinegar. — Vinegar is u«etl for ^c^■er;ll puqio-cs in connci tioii 
with foo<l: ns a condiment for direct use on the table or on a comircrci.tl 
^cale in the m.'inuf.acfure of m.ayonn.aisr. French drrs.-.ing, pickles, relishes, 
eatsup. prepared mustard, and hoi>c radish; for preventing mold growth 
in bread, and for other purposes It nwy Ik* useil us an antisoptie.' 

‘ Mrfi i.wx II. r. r, “ni'infoction ami Ftrnliistion,” 2*1 isj , I.ia .k I'* l)ii:< r. 
rhitiilclplin. 1915 
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Mechanism of the AceUc Acid Fermentation.-In the noetic add 

fermentatmn,ncetaldehyde is on established interm^^ 

been first shown to be such bv Hovpp ^lSOO^ c ^ ^ 

stmted with neutral caldumLTpwL ^ be denton- 

the w" “Editions 1 molecule of acetaldehyde may act a, 

stance The result m a Cannmaro reaction in which 1 molecule of 

.ZTm f ««<* produced from 2 molecules of 

acetaldehyde, the e( Hanoi being formed by hydrogenation of acetaldehyde 
and the acetic acid by dehydrogenation of the hydrated acetaldehyde: 

^0 OH 

CH, C— H + HsO CH. C^H 

\ 

Ae<Ul<J<hyd« Hydrated 

i\TT ^ *feuldehyde 

o OH OH 

OH. O-OII + CHiO^H CH,C^ + CH, C^H 

\ 

•^ulSb^de Ac«t>« and EthssM 


Neuberg and Wndisch are of the opinion that ethanol is aerobicaDy 
transformed to acetaldehyde, which in turn js dismutated, in the manner 
illustrated above, to equimolar quantities of ethanol and acetic acid 
Alternate oxidation and dismutation follow until all the ethanol is 
converted to acetic acid. 

Neuberg and Windisch* showed that Acelobacter ascendens, A. 
pasieurianum and A. xyhntim were able to dismutate acetaldehyde to 
equimolar quantities of acetic acid and ethanol anaerobically. They 
likewise demonstrated that other aldehydes could be converted in a 
similar manner to their corresponding alcohols and acids 

Other workers" have showm that similar reactions may take place 
under anaerobic conditions. 

It seems most likely* that in the normal acetic acid fermentation 
acetaldehyde is dehydrogenated to acetic acid. Ovj'gen acts as the 
hydrogen acceptor in the ponversion of alcohol to acetaldehyde (a 
catalytic dehydrogenation) : 

I Neobero, C., und F IViKDlscii, Biechem Zttt., Ifi6: 4M H!)25). 

’ WlERAKD, H , und A, Bebtbo, Arm, 467: OS (192S), JIou.-.w, B. *««”■ 
Zfii., 216; 187 (1920) . „ 

^Butlin, K. It, "The Biochemical Activities of the Acetic AoJ Ba«crt . 
Chemistry Brsearch, Special Report 2, H. M Stationery Office, London, 1930. 
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Oil O 

cii, + o ^ cii, c^ii + 11,0 

\f «tal<lch) i)c 

OH 

CII, C— H +11,0-^ CII, ci^OII 

Ni 

Amsldch^de n)dmc<lse»tBldrh>d* 

Two of the hydrogen atoms of the hydrated acetaldehyde arc act ivat cil 
and donated to oxygen, the hydrogen acceptor- 

OH OH 

CHiC’^n +0 — CH.C^O +H,0 

\ 

H 

Be«(Md*h)d* Arviic Btxt 

When conditions become favorable some acetaldehyde may be con- 
verted to acetic acid by dismutation In this case acetaldehyde becomes 
the hydrogen acceptor as well as the donator 

Substances other than oxygen and acetaldehyde may act as hydrogen 
acceptors, according to Wieland and Bcrllio ‘ 

JlJctbylcne blue and benzo^uinone are tiio eucli substances 

SOME OTHER FERMENTATIONS 

The oxidations brought about by various species of the genus derfo- 
baricr arc of particular significance, since some of the compounds, 'lUch us 
ketoses and keto uoi<ls, formed from suitable suhstrates by the*o baetena 
are prepared with considerable difficulty by purely chemical methods. 

Species of the genus dretohaefer vary in iheir ability lo oxidize or 
dehydrogenate x-anous substances Some species, for example A. 
raneens, oxidize a substrate to a high degree, sometunes forming carbon 
dioxide and water as the pnnripal cm! priHluets. Surli liactcria, ohvi- 
ou>»ly, have no mduatnal value Other species of the genus .Icflohadrr 
bring about the incomplete oxidation of a substrate and, accordingly, may 
he of much importance 

A. atihorydcmi is a species wcll-adapteil for industrial u«-e for it 
generally brings about the incomplete oxidation of sugars, alcohols, and 
acids even when a lilwral supply of oxygen is available, as is es*ential for 

’ Iax. fit 


H 

F.tbBncJ 
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a rapid dehydrogenation of the substrate. Butlin* and Kluy^xr and 
Boezaardt* have demonstrated^ however, tliat the cells present in young 
cnUurch of A . suhoxydans may produce some carbon dioxide from glucose 

.<■1. xylimwi, the sorbose bacterium, produces incomplcle oxidation of 
substrates also, but in the presence of large quantities of ox>’gen may 
oxidize the substrates complctojj', forming carbon dioxide and water.* 

Methods of Production. — The production of oxidized products by the 
acetic acid bacteria, particuiariy A. suboxydans, may be carried out by 
surface culture or submerged culture methods. IJIustrations of both 
procedures arc presented on the following pages. 

Fuhnor and Undcrkofler (19^7) reported that the optimum conditions 
for the production of polj'hydric alcohols with A. suboxydans by surface 
culture methods were as follows: a pll of G.l (range of 5.1 to C.8); a 
temperature of 28*C. (range of 25 to 30'’C.); a yeast e.xtract (Di/co) con- 
centration in the medium of 0.5 per cent; and a surface-volume (square 
centimeters per cubic centimeter of medium) ratio of about lAOb. They 
stated that sorbitol maj- be fermented in concentrations up to and 
including 35 per cent ; mannitol, in concentrations up to and including 25 
per cent ; glycerol, in concentrations not exceeding 0 per cent; ond eO’^h- 
ritol, in concentrations not c.xcecding -1.5 per cent. 

Nutrients of A. suboxydans. — Tlie carbon is supplied as a polyhydric 
alcohol or other compound. Hj'drolyzcd casein or a hno^^•n mixture of 
amino acids arc satisfactory sources of organic nitrogen.* Mineral salts 
arc necessary to supply the usual elements not found in the other ingre- 
dients. Pantothenic acid, p-aminobenzoic acid, and nicotinic acid are 


required as growth substancesA 

Yeast extract or corn steep liquor arc generally used to supplj t ® 
growth requirements of A. suboxydans; hence it is not necessary ^ a 
growtJi substances, salts, or mixtures of amino acids. Fulmer, an ^ 
and Underkofler (1944) found (hat an ncid-al/alfa extract supporte 
growth of A suboxydans satisfactorily, but that it was somewha i c 
to yeast extract (or this purpose. However, the yields of ketc^compoun 
from gij’cerol, sorbitol, and 2,3-butyIenc glycol were of equa magni 
whether prepared with yeast extract or alfalfa extract. 

Same Pwdacts Formed by A. subojydMS.-In T.ble 82 are 
some of the products formed by A. suboxydans as the resu o e 
tion of suitable substrates. These products are in mos ms a 
produced by other species of (he genus Acclobaclcr. 


' Botun, K ; . , (J5I3S) 

*Kt.UYVER, A , • 

* ITKDEHKOFLEn, L. A., A, C. iixmt, soa ♦». ' ' 


( 1943 ). 
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fermenters. Thus the time required for the conversion may have been 
reduced still further had the optimum pH been used. 

The Production of Gluconic Acid.— The principal bacteria capable of 
producing gluconic acid in quantity from glucose belong to the group of 
acetic acid bacteria. Such acetic acid bacteria as Acetobadcr oxydans 
may be used. These bacteria are able, under favorable conditions, to 
oxidize glucose to gluconic acid in the presence of an abundant supply of 
oxygen. Currie and Carter, Mn a patent issued to them in 1933,suggesf«} 
that glucose concentrations as high as 45 per cent may be used, but 25 per 
cent is stated to be the optimum concentmtion. From 0.2 to 2 per cent 
of mineral salts is added to the fermentation mash to satisfy the mineral 
requirements of the bacteria. The nutrient glucose solution is permitted 
to pass in a thin stream doum through an apparatus similar to a vinegar 
generator. The presence of a large amount of oxygen is thus assured. A 
temperature of 15 to 35®C. is advocated for the fermentation. Hermann,' 
in an Austrian patent, suggested a similar plan for the production of 
gluconic acid. 

Takaha.'^hi’ (1934) advocated the use of Baclcriiim Hoshigaki var. 
rosea and Bad. industnum var. Hoshigaki in the fermentation of glucose 
or mannite solutions. Either soybeans or the extract of rice bran is added 
to the sugar solution to meet the nitrogen requirements of the fermenta- 
tion organism. The fermentation is permitted to run for 18 days at 26 to 
28*0, A very high yield is reported — as high as 1 03 per cent on the basis 
of the glucose. 

The Production of 6-Kctoglucomc Acid.— The structural formula of 
rf-5-ketogIuconie acid is as follows: 


COOII 

iioiii 

Hli'OH 

i=o 

inKiH 

d.S'Ketoglucoaic and 

The literature concerning the formation of 
been reviewed by Stubbs, Lockwood, Roc, Tabenkin, an a ' 

who described the production of this acid and 2'ketog uconic a 
information which follows is based on their report. 


>U.S. Patent 1,896,811, 1933. 

* Austrian Patent 133,139, 1933 
»US Patent 1.053,694, 1034 
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Organism Used. — A strain of Acetdbacter suhoxydans was used. 

Preparoiton of Inocxilum, — The inoculum was prepared in the follow- 
ing manner; A. suboxydans was grown for about 2 days at 30®C. in 10 ml. 
of a sterile medium containing 5 pet cent sorbitol and 0 5 per cent yeast 
extract. This culture was cmplo>-ed to inoculate 200 ml. of a sterile 
medium containing 2 per cent glucose and 0.5 per cent j'east extract 
The medium was aerated with 200 ml. of air per min. while in a Jena 
glass gas-washing bottle (tx-pe 101a) After about 2 days incubation at 
30°C , this culture was used to inoculate 3 liters of a sterile medium con- 
taining 5 per cent glucose, 0 5 per cent yeast extract, and 37 g. of calcium 
carbonate in a ‘t-hter serological bottle. This medium was aerated with 5 
liters of air per mm. After about 2 days at 30®C., the inoculum was 
ready for use m seeding the mam production medium 

Composition 0 / Production ^fcdium . — The production medium was 
prepared to contain the following components; 

Component* 

Commercial ghico«r 
Com steep liquor 
Octndccyl alcohol' 

Calcium carbonate* 

water to maV.e 
> Antilnsm iKvnt 

* Stenlii'’'! ari'AraK'i) 

• Amount to iitotulo 10 itf e«nt sKi«o*<- roumitroium 
t The eolution «u BtcrtliK'>l t>t eutnclexinc »t SO lb itrrMurr lor 20 min 

Conditions of Prodtichon — The conditions of fermentation were as 
follows charge of 3 liters of the pr<Hluction medium was placctl in a 
rotary drum of llio type tlcsenhetl m Chap. XXVI 7'lic drum wjus 
rotated at 13 r p m , while air was intnxlueod at the rate of l.GOO ml per 
mm (mcaMircd ii'' exit gas at atmospheric ptes-ute), and the pre-'^urc in 
the drum was maintained at 30 lb per sti in Tlie contents of the tinim 
was .needed w ith 300 ml of inoculum, prcp.ared ns describwl nliove The 
teinperaliire was Kept at 30*C 

Coiir.sr of Armrnfalion — In I'lg. W) is shown the course of a tj'pical 5- 
kclogluioinc acid fermentation 

Yields - Yields of approxunately W per cent of o-KclogUictimr aeid 
were obtained m 33 hr from 10 per cent gluco'-o volutions 

Patented Process — A patentwi process for the production of 5-Keto- 
plitconic acid lias l>ccn devcnboil by Stubbs, l^ockwixx!, and Ward (1913). 

.V nutrient solution of glucovc or calcium phiconate is acted upon hy an 
active cuUurc of .Icf/ohnc/rr under condilions t»f aeration and agitation at 
23 to 30'*t' The nutrients tnehide com steeping iKpior; ure.v. ammo 
acids, ammonium sulphate, or ammonium phovpljatc. poiavsium hydro- 


.\mount m Grams 
1J8» 

5 

0 3 
27 

l.OOOmlt 
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gen phosphate; and magnesium sulnhate r’nJf.fi.m u 
carbonate, or other eompound are used as the ncutrX;„g“' 
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/ * » tytJieal S-kotoelutfonic «cid lermentation. [Ccmrtttv o/ 7. Sfa!*#, 

6 5. ioflitwoorf, r Boe.B.Tabenlin.andG.E iT'ord, /nd. £np. C^em ,S3; 102« (19W> j 

The Production of Acetylmethylcarbinol. — Acetylmethylcarbmof, 
known aiso as acetoin, has the following structural formula: 


CH, 

HlioH 

i=o 

ill, 

Ac«tjrlinethyI»‘«rbjno! 

Its production in high yields from 2,3'butanediol has been described by 
Fulmer, Underkofler, and Bantz (19-13}; Underkofter, Fulmer, Bant*, and 
Kooi (19-14); Sjolandcr and Eisenman (1946); and others. 

Fulmer and his associates found that yields amounting to 90 to 91 per 
cent of the theoretical could be obtained from nutrient media containing 
the meso form of 2,3'butaiiedjob However, dextrorotatory 2,3-butane- 
diol was not fermented. The following is an illustration of the procedure 
employed by Fulmer and his coworkers: Two and onc-half liters of « 
medium containing 10 per cent glycol, 0.5 per cent yeast extract, and 0 o 
per cent maltose and adjusted to an initial pH of G.O was sterilized fa a 
4-Uter Erlenme3'er flask, cooled, and inoculated with 100 ml. of a 2-1- r. 
old culture of Acctohacter suhoxydaM (A.T.C C. No. C2l) grown m a 
butanediol-yeast extract-maltose medium. The medium was aerate 
during the conversion process. 
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TJnderkofler and his collaboratoi« reported that only the meao and 
levorotatory forms of 2,3-butancdiol were oxidized to acetylmethylcar- 
binol. Inasmuch as the 2,3-butancdiol produced by dcro6actcr aero^rnrs 
is largely of the meso form, the 2,3-butanediol in the fermented hquors 
(beers) from such a fermentation may be converted largely to acotoui. 

Sjolander and Eisenman obtained 80 per cent conversion of the 
2,3-butancdiol in beers that contained in excess of 0 per cent of the glycol. 

The Production of 1-Erythnilose. — /-Eiythrulose is formed by llie 
oxidation of meso-erj'thritol in accordance with the following reaction: 
C!I.On 

HO— ('■— H -II, 

" HO-i-H 
iiiiOii iiiiOi! 

lligli yields of 1-erythniloto have been obtained by >Vhi«tlcr and 
Underkofler (1938), who employed the following production method; 
The medium was prepared to contain 4.5 g. of mfso-crj’thriiol and 0 5 g 
of yeast extract per 100 ml The pH was O.l. The medium ua.** dis- 
tributed in 200-ml amounts in 2-hicr Ericnmeyer (la'iks and sterilized for 
20 min at 161b steam pressure. TIjc inoculum for a flask was 0 ml of a 
24-hr. culture of A. «u6oji/doris (A T.C.C No 021) grown in a medium of 
similar composition to the one described above. The inoculated medium 
was incubated for 9 days at 28*0. Almut 95 per cent of the meso- 
erj’thritol was converted to /-crythnilosc under the foregoing comljlion«!. 

The Production of d-Tartaric Acid. — Thu acid, which has the follow- 
ing fitnictural formula, may be producetl in whole or in part by fermenta- 
tion methods 

roou 

inl’oii 

J mrttl 

Knmlet (1913) patented a prwr>NH for proilucing fl-t.artaric acid from 
aeruted aqueous solutions of gluco^ using .t tuboxi/</aris (.t T (’ (’ No. 
021) and a e.ataljst 

An example of the proces.s follows A wfMjrv'fotn is grown for 3 d.n.v.s 
on wort agar at 37'’(’. The culture is useti to uiocwLate n liter of solution 
containing 10 iht cent of gluco-c and 0 5per «*nl vea-t extract This is 
aerated for 48 hr during inniliation at 30*C’ tind U'cd to msmI a Mili-tnite 
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CHAPTER XVI 

THE PROPUCTIOK OP LACTIC ACID BY FERMENTATION 


Lactic acid, or alpha-hydroxypropiomc acid (GHj-CHOH-COOH) as 
an unnamed component of soured milk must have been known in human 
experience since the days when man first had his flocks and herds. Its 
true nature was disox'ered by Scheeic, who isolated and identified it as 
the principal acid in sour milk in 1780. 

Lactic acid was first discovered as a fermentation product by Blondeau 
in 1847. It was investigated bj' Pasteur as one of his first microbiological 
problems. Schultze (18G8) demonstrated the presence of lactic acid 
bacteria in yeast cultures of distilleries. But it was not until the year 
1877 that lactic acid bacteria were isolated in pure cultures, Pr. Lister 
having isolated Strc-plococcvs laclis. During this same period Pelbriick 
was endeavoring to determine the most favorable temperature for lactic 
acid fermentation in distilleries. He concluded that relatively high 
temperatures favored high yields of lactic acid. 

Avery', of Littleton, Mass., was the first person (1881) to produce 
lactic acid successfully on a commercial basis. At that time an effort 
was being made to substitute calcium lactate for the tartrates then being 
used in baking powders. The attempt at replacement was unsuccess u 
hut many new uses for the acid w'cre found. Since 1881 the production 
of lactic acid by fermentation has become a very important in us ry. 
Lactic acid is now produced commercially from corn sugar, mo as.es, 
and whey. . _ 

Forms of Uetk Acid.— Lactic acid occurs in three forms: levorotaio y 
lactic acid, dextrorotatory lactic acid (known also as sarco actic ’ 
both of which are optically active acids, and f-lactic aci , an op 


Lactic acid of various forms is produced by the lactic acid b 
Lwtobacillus delbrueckii and S lactis usually produce d-lactic 

L. Icichmannii andLeuconos/pcmesenteroidesyp^r V 

f-lactic acid. A few bacteria produce *-lactic acid, or Bacteri- 

badllus penioaceltcus (in "Bergey's Manual of 

ology'”^ this organism is listed as a probable synonym o ^ inactive- 
The lactic acid produced during fermentation is requ 
J 6th ed., The IVilIiains & Wilkins CJoropany, 1948. 
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Pederson' and others and later Tatum* and his as«soci?tes showed that 
CTosin'diam acrfotulyficum caused lactic acid bacteria, \Yhich usually 
lormed active lactic acid, to produce inactive lactic acid. It was sug- 
gested by Tatum and lua associates* that racemization might be brought 
about by an enzyme system elaborated by Cl. acciobutylicum and Cl. 
lutylicuw . It has been shown by Katagiri and Kitahata* that the enzyme 
racemiase is responsible for the conversion of optically active lactic acids 
to inactive lactic acuh Thus the contaminants found in a fermentation 
medium may under certain circumstances be responsible for the racemiza- 
tion of active lactic acid 

Classification of Lactic Acid Bacteria. — A large number of bacteria 
produce luetic acid from carbohydrate materials. Many have no indus- 
trial significance, honever 

In one method of cln.^sification tlic tnie lactic acid bacteria may be 
divided into two grmip'^ One group is made up of those bacteria which 
convert carbohydrate maloriaK to lactic acid as the principal end product . 
L. dclbrueckh is an example of this group. Kluyvcr and Donker have 
suggested that this group be called the “homofermentative" lactic acid 
bacteria m contrast to a s>ccond group of lactic acid bacteria which pro- 
duces, in addition to lactic acid, volatile acids and carbon dioxide in 
quantity, and for which they propose the name "heterofermontative.” 
The latter group includes such bactena as L fyropersict, L. mannitoportis 
and L actdopfiil-acrogcMi. Lactio and acclic acids, ethanol, glycerol, 
and carbon dio\i<le arc the mam end products formwl by these bacteria. 

In a wcond method of clasMficaUon, the lactic-acul-forming bacteria 
may be grouped, acconling to their significance to man. into organisms of 
industrial importance, of which L drlhruccKii, L bulgaricus and Etrrpt. 
IfuUs are examples ; organisms of possible therapeutic wgniricance, such a.s 
L acidophilus, and organisms of sanitaiy signiricance, such ns /'. coU. 

THE COMMERCIAL PRODUCTION OP LACTIC ACID 

Some General Considerations. Organisms I’scd — ’Hie organisms 
that may he used for the prwhiction of lactic acid by fermentation are 
L dclhnncht, I. rosri, L. /cirtimannii, L. bulgaricus, L pcnlosus, and 
Slrcpl. laclis All these organisms are homofermentative 

’ I’»r>rn.*os, C' 8., W II. I’rrrnsos, and H 11 Fann, Jour Biof CArm., 68:151 

• T^T^ M. 1*. I. , tv II Pr-rrnsoN, and fl H Faro, ftiiKArm. Jour , 26: Rlrt 00121 

*/?/!./, 30: JS‘i2 

* KATAaini, H , and K Kitmiara B^tcr to dll' pajwn ruM at tin* rnd of tlir- 
rhaplrr 
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^dersen and Werkman (1943) isolated and studied a sporeforming 
bacillus that produced large amounts of the dextrorotatory lactic acid. 
The name Bacillus dcxirolaciicus was proposed for this organism. 

The type of organism selected for a fermentation depends primarily 
upon the carbohydrate being fermented and the temperature to be used 
L. bidgaricus, L. casei, or Strept. laclia, may be used to ferment milk or 
whey, L. hulgancua being favored. In the fermentation of dextrose or 
maltose L. dclbrucckii, L. leichmannii, or L. hulgaricus may be used. 
Frequently L. delbrueckii is used vrith another lactic acid producer, such 
as L. hulgancus or StrepL lacUs, to ferment hydrolyzed starches. 

Carbohydrates Suitable for Utilization . — large number of.carbo- 
hj’dratcs may be utilized for lactic acid production. The acid is generally 
produced from glucose, sucrose, or lactose. Starches, corn and potato 
especially, may be hydrolj'zcd by enzymes, or by acids (preferably sub 
phuric acid) to maltose and glucose. Xylose is fermented by A. pen/o- 
aceticus to yield lactic acid and acetic acid, chiefly. Molasses and whey 
are generally low-priced sources of sugars for the fermentation. Smith 
and Claborn* have estimated that 2, 7(H), 000, 000 Ib. of lactose are obtained 
from skim milk, buttermilk, and whey annually. Of this quantity, a 
large percentage could be used in lactic acid production. Sulphite waste 
liquor and Jerusalem articliokes arc potential sources of lactic acid. The 
choice of carbohydrate used will depend upon its availability; ferment- 
ability, with or without preliminary treatment; and its cost. In this 
country, com sugar, molasses, and whey are much used; in Germany, 
potato starch. 

TemperatuTe of the Fermcnfofion.— -The lactic acid fermentation is 
carried out at comparatively high temperatures. Jn fermentations using 
L. delbrueckti a temperature of 45‘’C., or liighcr, may be niaintmne . 
h bulgaricus may be incubated at 45 to 50’*C. ; L. casei, or Strept. oc ss, 
at about 30^C. The optimum temperature should be determined expen- 
mentally for each type of fermentation. 

Concentration of Sugar. 
concentration of 5 to 20 . 


material and the conditions of the process. 

Oxygen Relationship.^Th^ bacteria used to produce , 

industrially are usually microaerophilic or anaerobic in nature. 


laclis is listed as a facultative aerobe. , .» .^g 

pH . — The fermentation proceeds best when the p is on 
of neutrality. Owing to the addition of calcium car ^ 
hydro.xide, or some other neutralizing agent to the ermen 
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the pH tends to approach neutrality. The pH may be maintajne<I at a 
constant value by the use of ammonia as the neutralizing agent. 

N’exdraUzadon of Acid . — Lactic acid is neutralized by calcium hydrox- 
ide during fermentation in the following manner* 


CH,CHOHC CHjCHOHCOO 

0^ 

HO* 

+ Ca — • 

£-3 

CH»CHOHC CH.CHOHCOO 


Ca -h 2H»0 


Csl«<um Ikctkt* 


If tho lactic acid were not neutrahziil, the lacdc and biictcrisv would 
not bo able to tolerate tho high ncidity devoloi>cd and the fermentation 
vould not continue to completion. 

Calcium (or zinc) liydroxidc or carlvonate may bo added either at llie 
beginning of the fermentation or intermittently as the fermentation 
progresses. Peterson, Fred, and Davenport suggested that the pre- 
liminary introduction of a neutralizing agent was as efficacious as inter- 
mittent introduction from the point of vicu of the speed and completeness 
of the conversion of xylose to lactic acid Tlie advantage of adding the 
carbonate intermittently lies in the fact that an acid reaction helps to 
prevent contaminants from gaming ascendency during tho fermentation. 

Groteth Fadors for Ladic And lindenn. — Certain growth factors 
appear to be cs'^^ntial for certain lactic acid bacteria Orla-Jcnsen* 
and his fellow workers reported that nlmflaiin and at len'-t one other 
“activator” were required hy certain lactic acid haciena for normal 
development Wood and his Bs.M>ciates’ confirmed their findings in 
respect to rihoflavin 

Snell, Strong, and lVtcn>(m* deM>ntie<l the pnqxinitum of an active 

' OBJA-JrN«KN, P, N Orrr. und A SNt>*>-Ki*rit, Cmlr Unit /’or(i»iffnl , 
Aht. II, 94:431 (ISSr.) 

ilVtxm.H Ci,.V..\ ANura^FN, AndO |I \V»RKM\v,/'rr>r AV F.zi'tl Piol. .Uf<l , 
3Q: 217-210/1037). 

• Rsrix, r.. F.., F. M. SnioNn, And tv |[ Itioriirm yowr , 3l; I7s''i- 

1799 (1937). 
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concentrate from Jirer c.v(wct» which was osfcntial for the normal gtovfth 
of the sipcciotf of luetic ucirl bacteria investigated by them. Jt has been 
sboNvn that this active stibstancc was pantothenic acid.' * 

Nicotinic acid stimuIatcHl growth and acid production by some lactic 
acid bacteria.* 

Lnclohcicillus ptnt&sus 12-4-2 requires biotin, pantothenic acid, and 
nicotinic acid, according to Krueger and Peterson 

For further information concerning this important subject; the reader 
is referred to the foregoing citations and others listed at the end of the 
chapter. 

Accessary I\^ulrtent8 in the Termentalhn of l(Ioh8ses.—%\S)6s and 
Pruess* have shown that good 3 */eWs of lactic acid and a short fermenta- 
tion period result from the addition of such accessorj' nutrients as mall 
sprouts, steep water, and thin grain residue to blackstrap molasses. The 
yield and fermentation time depend on the kind, quantitj’, and combina- 
tion of the ncccssorj' nutrients.* It was suggested that the accessoo' 
nutrients supplied soluble organic nitrogen and st/mulatorj' substances 
that were useful biologically. 

Dnratian of Fermentation. — A fermentation is usually complete in 
from -42 lir to G days 

Yields — Yield?! of 00 per cent on the basis of the sugar fermented are 
not uncommon m cont rolled pTocossos. Higher yields have been obtained 
occa.sjomdly 7otum and Peterson* liavc reported a ,ricld of 100 5 g 
of d-Iactic acid from 100 g of glucose. 

Grades of Lactic dcirf.— Tlicro are at ka^i four principal grades of 
kctic acid Tlio.He include a crude or tcclinical grade of 22, 44, .and SO per 
cent stiengtlwi, r’dihlc lactic acid of 50 and SO per cent strengths, plastic 
grade lactic acid of 50 and 80 per cent strengths, end U.S.P. gra c actic 
acid of 75 and 85 per cent .‘»tit?ngths.* , 

Ktaudarcis, may be set up by the consumers, the requirements 
ing on the nM> to be made of the lactic acid. Color, flavor, an o( or a 
important, in addition to the .ash content For example, lacUc net u- 
in the manufacture of transparent phenolic resins must be of Jg i P 
Tfic chloride, sulphate, and ash contents must be ^-ery low, especial j 
non. 


1 Sa'ell, E. E., F. ai. SiBO.Vo, and W, It. pETEaso.v, Jwr. Avi. Ch 

2m (10381 . 38 - 293-SOr 

»Sncu., E. E., F. M. S-moNO, and W. H. PETEftsoN, dour. Bad, 

(tom. 


* Stii.es, ir R., and L. M. Prtjess, Jaur. Bnd., 36- * , 

*Tato.m, E L., and tV. II. Petebson, Jnd- Enp ’ ..'q,,, 

* pECKiiAAt, G. T . Jk.. Chem. Eng. JteWi, 2,1 (5^* 1- 


(1935). 
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I/actic Acid Production by Continuous Fennentation. — A proceduie 
for producing lactic acid from tlio lactose of sweet whey on a semiplant 
basis by continuous fermentation teas w'orked out by Whittier and 
Rogers.’ The main equipment used in this procedure included a storage 
tank for whey; a lime reservoir and feeding device; an insulated and 
covered fermentation tank %vith facilities for maintaining a constant 
temperature of 43“ ± 0 1“C. and for agitatingthe medium at a slow rate; 
a storage tank to receive the overflow from the fermentation tank, which 
should have a capacity for 25 per cent of the Latter lank; a coagulation 
tank, which should have 50 to 100 per cent of the operating capacity of 
the fermentation tank, and w hich is connected by way of a filter press or 
centrifuge to an evaporator.* 

Tor operation, the fermentation tank is filled with, sweet whey at a 
temperature of 43“C. The masli is inoculated with a culture of lacto- 
IjaciUi, for example, L bulgaricui or L. casci, and sometimes with a yeast, 
which by reason of its as'^ociatcd growth accelerates the fermentation. 
The inoculated medium is agitated and maintained at 43“C. (as closely 
as possible) for the duration of the fermentation. 

After the pll of the mash has dropped to 6 0, usually after appro\i- 
matoly 12 hr., lime is fed into it to maintain its pH between 5 0 and 
6 8, a range favorable to the lactic acid bacteria but inhibitory to the 
development of contaminating organisms under the conditions of the 
fermentation. 

M the end of 24 hr , anti thercaftet every 12 hr , the lactose content 
of the whey is ascertained When the amount of lactose has l>ecomo 
dimmi«lictl to less than I per cent, usually 48 to 72 hr. after the ma^li 
has been inoculated, whey, which may be pietreatcd with lime to inhibit 
the development of bacteria, is introduced into the fermentation tank 
from the whey storage tank. The whey is introtluccd at sucli a mtc that 
the volume fed during 21 hr. equals the volume of the fermentation tank * 
The rate is then adjusted for t?ic most cflicicnt operation. In this 
eonneeliou. the lactose content of the overflowing wljey Fhould 1*0 
determined 

The fermented whey is boiled until the proteins arc entirely coagu- 
I;tte<l If laelic ac»l i.s de^innl, rather tli.an c.a}emm laetate, pulplmric 
jjcid wnildtsl Jo pn'ripitalp the calrmm nndliWrale free Lactic iicid. Tlie 
roagulaled protein and calcium sulphate arc then wpamtcil by liltration 
from the lactic acid, which is concentrated in evaporators to the dc«insl 
concentration. 

' t\ ntTTirn, V.. O., and L. .\. IlfKif k«, /nrf Cny. <'hrm , 2J: ^,32 
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Lactic Acid from Whey. — ^Lactic acitl li/is })ccii produced commercially 
from lactose since llm year 1930 at Xonncli, Kew York, in a plant oper- 
ated by tJic Slie/ficld By-Products Company (a subsidiarj* of tlic Shef- 
field Farms, whidi in turn is a .subsidiary of the National Dair)* Products 
Corporation of New York). The plant Ims a capacity for 10,000 lb. of 
22 per cent lactic acid per da 3 '. Technical and U.S.P. grades of lactic 
acid, calcium lactate, and sodium lactate arc manufactured from iihey.’ 

The utilization of casein whey has always been a problem. It may 
be dried and u.vcd as a feed for cattle and poultry’, or the lactose and 
albumin may be recovered from it. Now, it may bo used in the com- 
mercial production of lactic acid. 

Surplus milk and skim milk from other sources may bo used in the 
manufacture of lactic ucid. Tlic cream is removed from the milk and 
the casein precipitated by the u.se of lactic acid or hydrochloric acid, the 
former acid being preferred, for it may bo rcccu’Cred subsequently. The 
whci’, known na casein whey, which is the product left after the separation 
of the eroam and casein from the milk, contains lactalbumin (a protein), 
approximately l.ti per cent lacto^c, vitamin 0, mineral salts, and water. 
I'his medium serves ns the niUrieiit substrate in the manufacture of hcttc 
acid. 

The commercial process for the production of lactic acid from the 
lactose of whey is ba.«od on the researches of Kogers and his associates of 
the Bureau of Animal Industry, U.S. Department of Agriculture. Chap- 
pell and his associates of the Sheffield By'-Products Company’ and others 
of the rosc.'ireh labomtoncs of the National Dairy Products Corporation 
at Baltimore u ore largely responsible for making the process a coramema 
one. This procos.s has been described by Olive* and Burton.* ^ 
descriptions that follow arc based on the articles by Dr. L. BurtoW' 

The Process in DnV/.— Pasteurized whey is inoculated with a starter 
containing L. bidparicws. During the fermentation the 
diiccd from lactose is ncntralizai intermittently •with lime. t eea 
of the fermentation, the lactalbumin is coagulated by heat. ^ 
mitting the coagulated lactalbumin to settle, the solution o ca ci 
lactate is decanted off, filtered, treated with decolorizing ,-=ta !5 

aids, filtered, and evaporated. Cry'stallization follows. re 
arc washed, pcrliaps further purified, dried, and may be so 
lactate or con%’erted to lactic acid. Various procedures are 
producing the different grades of lactates and lactic aci . 

* OuvB, T. II., Chem. & Mft. Eng., 43:4SCM53 (I036y 

* Ibid 

* Borto.v, L. V., Food Ittd., 9 : 571, 634 (1937^. 
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Preparation oj the SlaHer.—*Xhe starter is prepared as follows. A 
quart of sterilized sldm milk is iooculated a culture of L. hnlgaricus, 
containing also a yeast that causes the fermentation to become more 
vigorous. After incubation for 2i hr. at a temperature of 43®C [IWV.), 
the contents of the bottle arc placed in a 40-qt. jug containing pasteurized 
skim. milk. The contents of the jug are dumped, after incubation at a 
temperature of 43®C. for 24 hr., into a glass-lined steel tank containing 
500 gal. of pasteurized whey. Following incubation at 43'’C. for 24 hr., 
this starter is added to the main fermentation tank fsee Fig. 07). 

The Fertnenlation Tank . — ^This tank is constructed of wood and has a 
capacity for 5,000 gal. of whey. In the bottom of the fermenter is a 
perforated brass pipe, through which steam may bo introduced to warm 
the mash to the temperature desired for the fermentotion or for the 


subs-equent coagulation of lactalbumln. The tank is proidcled wilb a 
mechanical stirrer and a 4*in. brass dip pipe, which may be raised or 
lowered in order to decant the dear solution of calcium lactate, which 
separates after the coagulation of lactalbumin. Before use, the tank ts 
cleaned, treated with a chemical agent to destroy microorganisms and 
subsequently rinsed u ith pure water. An outlet is located at the bottom 
of the tank for use in connection with its cleaning. 

The fermentation . — The inoculated whey is maintained at a tempera- 
ture of •13‘'C. until the end of the fermentation, which is usually complete 
in about 42 hr. Lime, Ca(OH);, in the form of a slurrj’, is added to the 
fenuentiug ma&h every G hr. to keep the acidit}’ of the mash below O.C per 
cent. By neutralizing the lactic acid with lime, the fermentation time l^ 
shorter and the yields are higher, for under these circumstances t e 
baclena are not inhibited by the acid that they produce. At the comp^ 
tion of fermentation, the mash is neutralized to 0.1 per cent lactic aci • 

Filiraiion of the Fermented ilf ash.- — ^The fermented medium, " ^ 
is of a pale-green' color, is healed to %°C. ^205 F ) to coagu ^ 

lactalbumin. The coagulated albumin is permitted to sett e n 

short time is necessary, however, for in about 10 rain the supema 


liquor may be decanted. . •nAand 

The supernatant liquor is withdrawn through the decanting ^ 
foieed, by means of a centrifugal pump, through a plateau 
of filter press to a storage tank. Here H is treated with ime o r - ^ 

alkalinity to 0.1 per cent, A filter aid, such as diatomaccous ’ 
decolorizing carbon (A'orit) are added- The mixture is ^ 
agitated and then the contents are permitted to ^ through 

raately 15 min. the clear supernatant is decanted off and pu P ^ 

a filter press. The sludge is discarded. The clear so u lo , 


'!hid,, 9 ; 571 ( 1937 ). 
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clean wooden tank, is acidified to 0 05 per cent acid with lactic acid. 
Tilter aid and decolorizing carbon are again added, settling is permitted 
and the supernatant liquor is decanted and filtered. Sludge from this 
second treatment may be used to treat a fresh lot of calcium lactate 
solution. 

^I’aporation, Crystallization, and — The filtrate, or crude 

liquor, may be stored in a clean wooden tank (Fig. 67), or it may be 
concentrated in an evaporator, under a xmeuum of 25 in., to a concentra- 
tion of 15®B6 and then pumped to crj'stalliring pans (equipped with 
casters to facilitate their being moved about) located on a gallcrj' above 
the floor containing the evaporators The crj'stallizing vnts each have a 
capacity for 300 gal Each is pro\'idcd with a water jacket and the 
inner wall, which comes in contact with the calcium lactate, has a lining 
of stainless steel. Cooling water is passed through the jackets of the 
pans. Calcium lactate crj’stnilizes out after 10 to 12 hr at 10 to 15.C*C. 
(50 to CO^F.) The pans are pushed to chutes and the cr}'stnllizcd mate- 
rial shoveled down them to the baskets of Hepworth centrifugals. The 
baskets are spun. The mother liquor, which passes off, is rescri’od for 
further purification treatment. The ciystals of calcium lactate that 
remain are washed with water, while the baskets arc still spinning. Tlie 
wash water thus obtained is evaporated to 13 5*116. and rccrj'stallizcd, 
and the new crop of crj'stals is centrifuged and x^ashed The wash water 
is again evaporated, crj-stalUzation takes place, and the crj'.>»tnls arc 
washed, the wash water being discarded this time. 

From this series of treatments, three sets of crj’stals have resulted. 
These arc combined, placed in a glasMincd tank, and dissolvcil in a 
small amount of water at GG*C (150*F.). Xorit and filter aid are mixed 
with the crude calcium lactate solution, the Xont for improxing the color, 
and the filter aid for rcmoxnng finely suspended particles during filtration. 
The supernatant is pumpc<l to a filter prc*!s, while the sludge is returned * 
for the second treatment of the crude liquor. The thus refined liquor 
m.ay be concentrated to 11 j*B 6. and then placetl in x'als for rrj'stnlhza- 
tion. Crj’stallization proceeds sloxxjy, with the n“-ult th.at the crj-stals 
are purer. The crj’stals arc wa.slicil, the xxashings l>cing rcturncil to the 
mule liquor, and then may be dned in a tunnel (Irx’cr. Such crj>tnls 
constitute the U.S P grade of calcium lactate, llio wariied crj'stals, 
xxithout drjing, may be used in the manufacture of the Ix-si grades of 
lactic arid. 

Grarirs of lactic .Ictd — Commercial, cxlihle, and wnter-xxhite grades of 
lactic acid are manufncturetl by the Shcfliold Ily-Proilucts Company. 

L.XCT1C .seiD or coximkrcixl GitxDi: — This grade of laciic acid is 
pro<lucoc from the crude c.alcium lactate liquor nhlaincfl after tlie first 
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vacuum treatment (Fig. G7). This liquor, which has a concentration of 
is pumped to a wooden tank. Decolorizing carbon and chemical 
agents for precipitating iron and heavy metais are added. The mix 13 
made slightly acid with an electrolytic grade of sulphuric acid and pumped 
through a rubber pipe to the upper tank of a vacuum filter made of 
stoneware. Calcium sulphate and other precipitated matter are removed. 
The precipitates are washed while on the filter. The filter cake is 
discarded, the filtrate and washings constituting a crude lactic acid 
solution of approximately 22 per cent strength. 

The crude lactic acid may be stored in a wooden tank or further 
purified at once. The next step in the purification process is to concen* 
trato the crude acid to 22''B6. (50 to 60 per cent lactic acid) in a stainless- 
steel vacuum evaporator. The concentrated acid is conveyed to the 
upper tank of a vacuum filter, where Norit is added, together Tvith suffi- 
cient lime or sulphuric acid to produce exact combination of the calcium 
and sulphate. Chemical agents may be added to precipitate any heavy 
metals still present. The mix is filtered, and the filter cake washed and 
disposed of. The filtered lactic acid is pumped to glass-lined tanks and 
adjusted to the desired concentration. Lactic acids of 50 and 44 percent 
concentrations are in popular demand. The acid is placed in wooden 


barrels for distribution. 

LACTIC ACID OF EDIBLE GTtApB . — The Starting material for the manu- 
facture of the edible grade of lactic acid is the washed, solid, crude calcium 
lactate that is obtained from the centrifuge after the first crj’stalhia 10 ^ 
(Fig. 67). This crude calcium lactate is added to a smaU amount of hoi 
water in a wooden tank form a solution. Sufficient s^lphunc aci 
is added to combine all the calcium and sulphate ^ , 

Finally decolorizing ca’‘bon is added, and the mix is agitate 
The precipitates are i-eraoved as a sludge by vacuum fv tra wn 
lactic acid is stored irt wooden tanks and eventually concen ra e 
to 60 per cent strength in stainless^steel evaporating pans. 

The purification tfeatment is «>pealed. Calcum an'l 
exactly balanced, and’a decoloriring carbon and a reagen 
hea^T metals are added. The mix is vacuum filtered, “f ^ i, 
washed. In glass-lined tanks, the lactic acid of approxima 
diluted to 50 or 44 per cent strength and placed in u 00 en 
acid is water clear. ) 


WATEn-WUIlTE LACTIC ACID.— 


used by the chemical industry 
calcium lactate may be used for i 
generally used, since the neces •' 
The purification process is 
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edible-grade lactic acid. The calcium is exactly balanced r\ith sulphate, 
decolorizing carbon, etc., are added, and the mix is vacuum filtered. The 
acid from the vacuum evaporating pan is of strength or contains 

about 65 per cent of lactic acid. 

This acid must be entirely freed of calcium An excess of sulphuric 
acid is used to precipitate the last traces of this substance The filtered 
acid should give no precipitate when tested with ammonium oxalate. 

Barium hydroxide is added to remove the excess of sulphuric acid, 
although a very slight excess of sulphuric acid is desired in vieu of the 
fact that the water used for diluting the lactic acid may contain a slight 
amount of calcium. Thus the very slight excess of sulphuric acid will 
balance the calcium added by the dilution water. A final filtration 
removes all precipitates of barium sulphate and calcium sulphate. 
Should distilled water be used for diluting the water-white acid to its 
final strength, dilutions may bo made after the final filtration 

The lactic acid is placed in barrels for marketing. 

THE PRODUCTION OF WHITE CALCIUM LACTATE 

A process for producing a white calcium lactate has been developed 
by Daly, Walsh, and Needle ‘ The special features of this process are 
the use of a nondenatured milk as the nutrient and the rapid drj’ing of 
the calcium lactate produced. 

WTiole milk, buttermilk, or skim milk, in liquid or in dried form,* 
may be used as the nutrient, but the protein must not be denatured. 
Nondenatured milk favors a rapid fermentation, tims avoiding tho 
formation of undesirable colors or end product**, and imparts no color to 
the medium. 

The rapid drying of calcium lactate prevents caramclization and other 
color changes. 

Calcium lactate may he produccrl aceorxiing to the following example. 

A Ijincnl mash may contain the following ingredients 

I’oiinits 


SuRnr (dextrov) 0,000 

Milk powder l'»0 

Di.'vmmoniiim and pho«iduilc .10 

Cnlciiim e.srlfonate t.WK) 

tVatcr to 7,000 gnl 


Tlie foregoing ma.sh is inocul.iteil with 300 gal of a 2l'hr culture of 
L ddbnirclti and iiicubatwl at n temperature of dO’C. {120*1' ) for 5 to 
' f S rntenl 2,tt3,350, Jfth 10, l!>3n 



4IG 


INDUSTRIAL MICROBIOLOGY 


7 clays, at the end of which time the total reducing sugars are usually less 
than O.I per cent. The use of tho high temperature favors L. delhruechi 
and inhibits the development of many other types of microorganisms. 

The fermented mash is heated to S2®a (ISO^F.) and held at that 
temperature for sufficient time to destroy the microorganisms present, 
Enough lime is then added (100 to 200 lb.) to bring the pH of the mash 
to approximately II. The mash is filtered hot, proteins and insoluble 
compounds being removed. The filtrate is adjusted to a pH of 6 to 7 
with lactic acid, for this pH range favors the volatiliration of undesired 
organic acids and tends to prevent the formation of undesired color during 
the subsequent treatment. Using a vegetable carbon, the calcium 
lactate liquor is decolorized to jield a solution of wafer-white color. 
The solution is concentrated quicldy to 20 to 2HB^. by exposing a shallmv 
layer to a large heating surface. This partially concentrated liguor is 
next spray-dried in a chamber into which gases enter at a temperature of 
approximately 232*’C. (450*F.) and leave at a lower temperature. (Other 
types of drying may be substituted, if the dr>dng is effected rapidly io 
prevent discoloration.) The resultant powder, mamfained at a low’ 
tomperaturo in order to avoid discoloration, is conveyed to a cyclone 
where it may bo separated into relatively fine and coarse particles 

The product obtained by the foregoing process is noncrystaliine, glass- 
like and homogeneous, with a calcium lactate content, based on ihe total 
solids, of 98 to 99 per cent. The moisture content is 5 to 6 per cent; tho 
protein usually about 0.5 per cent. 

If lactic acid is desired instead of calcium lactate, the filtrate fr^ 
the lime treatment is dccoloriwxl with vegetable carbon and filte • 

A measured quantity' of sulphuric acid is then added to the filtrate, 
the precipitate of calcium sulphate is removed by filtration. ® 
resultant filtrate is decolorized with vegetable carbon and then concen 
trated to the desired strength by evaporation. * 

THE PRODUCTION OF DEXTROLACTIC ACID 

Tatum and Peterson* have described a method for producing d 
acid on a small scale. Batches containing 18 liters of a roe 
sisting of 3 per cent cerelose and 3 per cent malt sprouts ere s 
in 20-liter Pyrex bottles. The medium • Julated 

culture of an organism that produced d-Iactic ® organ- 

medium was incubated at the temperature most {avorabie or 
isra used, 30 or 37®C. After the fermentation had been m pwg 

* Tatuu, E. L., anil tt'. K. Rstmisow, Ind. Eng, Che»t; 27 . 14f3 ( 
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24 hr,, an excess of sterile calcium carbonate was added. Each bottle 
was shaken frequently during the 6 to 10 days of incubation in order to 
neutralize the acid as it was formed. Samples of the acid were con- 
verted to zinc lactate for analyses. Table 87 gives data for some of the 
fermentations carried out by Tatum and Petereon. 


Tasle 87 — Lactic Acid Phoductios bt Various Oroamsvs' 


Organism 

Tempera- 
ture of 

Lactic 

acid 

Glucose 

Analysts of zinc 
lactate 


incuba^ 
tion of 
, gluco-se, 

' ‘C 

formed 
per 540 g 
of glucose, 
grams 

to tactic 
acid, 
per cent 

Water of 
cijstalli- 
zation, 
per cent 

Specific 

rotation,* 

lactic 

acid 

fiirept Zaett's, II 

30 

405 

01 

12 52 

-8 05 

Pextro 

Sirept. lactxa, R 

30 

525 

07 

13 23 

—8 05 

Dextro 

L easci 

i 30 

505 

93 

1 12 so 

1 -8 22 

Dextro 

L dtlbrueckti, 3 

37 

530 

OS 

13 CO 

-8 22 

Dextro 

L. delbrueckxi, 3 

37 

620 

90 

12 00 

-S 18 

Dextro 

L. delbrucekti, 3 

37 

500 


12 80 

-8 00 

Dextro 


>Tatvu,E L,BndW IT PCTEDtov ti,4 Ei>p Ci«« .IT: 14»3 (l»3S). 
* i per cent concentrttion. 


LACTIC ACID FROM SULPHITE WASTE LIQUOR 

The production of lactic acid from sulphite waste liquor has been 
thoroughly studied by Leonard, Peterson, and Johnson (1048). They 
found that the best method for preparing the sulphite waste liquor for 
fermentation was as follows The liquor was stcam-stnppod to remove the 
sulphur dioxide During this treatment the pH was reduced to al>out 1. 
Next the liquor uas treated with calcium liydroxide at 35®C. m such 
manner that it retiuircd about 10 min to rai-^c the pH from 4 to 8 TIic 
mixture was hold at pll 8 5, the region of sulphite precipitation, for 20 to 
30 min aiul then JiUercd Carlion dioxide was used to reduce the pH of 
the (iltorcd medium to 7 or lower. 

iMctohanUus pnilo$u8 121-2 was found to lie superior to other bac- 
teria for producing lactic acid from sulphite \vn<»tc liquors. It was 
prepared for inoculation purposes by rc|>catcd transfers at 8-hr intcn’als 
in a metlium containing 3 per cent of malt sprouts and 3 i>or cent of 
glucose. 

The inoculum was prepaml by growing L prnlo^u-x for 8 hr. at 30*C. 
in a m.a.sh containing 8 j>or cent of m.*!!! sprouts and r» i>er cent of mola«'»<*s 
The mash was prepared by steeping the malt sprouts (for example, 10 to 





418 


INDUSTRIAL MICROBIOLOGY 


20 per cent concentrations at 45*C. for 8 to 12 hr.), adding dilute molasses, 
heating to 100°C. for 10 min., and cooling to 30°C. 

liConard and his associates found that nutrients could not be sterilized 
in the presence of sulphite waste liquor, for the lignin substances precipi- 
tated and bound some of the nutrith'e materials with the result that loiter 
jdelds of lactic acid were obtained. The nutrients for the sulphite naste 
liquor were, accordingly, supplied with the inocuhm. 

The sulphite liquor, prepared as described above, was inoculated mth 
10 per cent by volume of the 8-hr. inoculum. The pH, which was initial!)’ 
about 6.5, usually fell to about 5.6 in 2 to 3 hr. It w’as maintained at 

about this level by the automatic addition of a slurrj* of slaked l/me or 

calcium carbonate. Incubations were carried out for 40 to 48 hr. at SO^C. 

The lactic acid was recovered from the fermented liquor in the follow- 
ing manner: The malt sprouts w’crc removed by screening. The liq«cr 
was then concentrated to approximately 40 per cent of solids (30 per cent 
of its initial volume) . The pH of the concentrate was reduced to 2 by the 
addition of sulphuric acid and the precipitate of calcium sulphate formed 
removed by filtration or centrifuging. The concentrated residue was 
extracted with a solvent (amyl alcohols and isophorono w-ere good) at 
90*C. This extract w&s washed with ivatcr to remove the acids (lactio 
and acetic). The aqueous solution of the acids was concentrated ® 
acetic acid separated out by distillation. The final product contained 
per cent of lactic acid, 6 per cent of impurities, and 4 per cent of ^ 

Leonard and his coworkers estimated that a mill that produce ^ 
tons of pulp daily could produce 9,000,000 lb. of lactic acid annua j & 
the basis of a 300-day year and of the production of 300 lb. of l.'ic ‘C a« 
from the sulphite waste liquors corresponding to 1 ton of pulp. ^ us 
about 285 lb. of lactic acid and 751b. of acetic acid may berccovere 
2,000 gal. of sulphite waste liquor, which corresponds to 1 ton ot pu P- • 

95 per cent recovery efficiency. 


O-LACTIC ACID FROM JERUSALEM ARTICHOKES 

The production of d-lactic acid from Jerusalem ^.i and 

studied by Andersen and Greaves (1942). The tubers werc 
ground. Two parts of water were added. The ' j j,r. at 

by adjusting the pH to 2.0 with sulphuric acid and ‘'gating ■ 

OS^C. Complete hydrolysis occurr^ under these com ^vas 

appreciable destruction of the reducing sugars. e a detb. 

neutralized with calcium carbonate and filter-prcssc ‘ jilulcd 
Nutrients, calcium carbonate, and water ere a ^ c 
hydrolyzate in the following optimum concentrations. 
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Artichoke hydrolyzale (diluted 1 +2) 500 ml 

(NHOiSO,. 3 0g. 

KHjPOt 0 5 g. 

Glucose or les-ulosc 110 0 g. 

. 75 Og. 

■Water . 430 ml. 

The amount of sugar added was sufficient to prodtjre an over-all stigar 
concentration of about 14 g. per 100 ml TIjc quality of the final 
product could be improved by addmg glucose or levulose to the diluted 
hydrolysate. 

The foregoing medium, dispensed in 200-mI. portions in 50O-m! 
Erlenmeycr flasks, or m 2,000-ml. portions m 3-ljter Fernbach flask.s, uas 
sterihzwl either by boibng or by autoclaving at a pres'«iiro of 15 lb. per sq. 
m. for 15 min. After cooling to 47 to SO^C , it was inoculated with 5 to 10 
per cent by volume of a 24-hr culture of liactllus dcxlrolacticus Andersen 
and Workman. 

The fermentations were carried out at 47 to 50*C. with agitation and 
aeration. The latter was essential for rapid and complete fermentation 
of the sugar. Yields of 92 to 04 per cent of rf-lnctic acid were obtained 
in 4 to 6 days from the 14 per cent nutnent sugar solution as clc.«cril>c<l 
abo\’e. 


ACCELERATION OF THE FERMENTATION 

Pan, Peterson, and .lohn«on (1940) rcportwl on a method for aocclemt- 
ing the lactic acid fermentation of glucose or molns-'cs by the u«o of 
unheated malt sprouts as a nutrient for Laclobactllus ddbrutchlt. The 
increased speed of fermentation was due to a hcat-labile growih factor 
contained in the malt sprouts 

The following c'cample illuslrotrs the method employed by Pan and 
his associates. Sixty-four gallons (210 liters) of diluted molas-'cs (12.0 
per cent invert sugar) were mixetl with H 7 lb (G 07 kg ) of mall sprouts 
and heated to 4.'>®C. in an open copper tank of 90-g.al. capacity, which was 
provided with heating coils This ma'*h was inoculated with I liters of a 
2l-hr. culture of L. ddhrucrktx, whirh Ji.n<l l»rrn grown in a .steanud 
nuMlium containing 3 per cent of tnnU sprouts and 10 per cent of mohi^sos, 
niirty-threo pounds of calcium carlionate were then n<Ul«l During tin- 
fermentation the m.ash was stirred occasionally and the temperature was 
maintaincsl within tiie range of 11 to The fermematnm was 

complete in 21 hr D.it.a concerning this fermentation an<l one rarncsj 
out with Puerto Pican blackstrap molasM^. m whirb a mecbunii-al 
agitator wsvs ummI to aid in the neutralization and maintenance of a uni- 
form temperature, are presented in Table SS. 
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Molasses used, lb 

SuEarcontmtotmolassra.pcrcrat' ’ ’ 
Malt sprouts, lb .... 

CaCOj added, lb 
Total volume, i»aJ 
Duration of fermentation, hr 
Initial sugar conen , g./lOO <v 

Final sugar oonen., g./lOO cc 

Fermentation, per cent 

Lactic ncid, g /lOO cc 

YicM, per cent sugar (crnientcd 

2 icld, per cent sugar in molasses 

Sp. rotation* of Ca lactate (4 per cent), (ajo. 

Form of lactic acid 


n«n 1 Run 2 


• o H II rsTERSov, and M S Job* 
iorfatenJJua ddi,u«*i» g u««d; U to 46'C. 
>Rlije of (ajtj /or ealcium lactato t» fl 13 
•Pufrlo Rican blaekslrap laotasaca 


120.2 

100 0 

55.0 

59.5 

14.7 

14 5 

33.0 

32 5 

63.8 

63.0 

1 

1 

13.6 

11.32 

I 10 

1.46 

91.3 

87.0 

It.O 

9.35 

95.7 

95.0 

87.5 

82.6 


■id.OS 

leva 

Jeti' 


THE PURIFICATION OF LACTIC ACID 

purification of lactic acid, the object is to remove all ingredt- 
s at constitute impurities. These may include unfermented sugar, 
1 rogenous substances, coloring matter^ calcium or sodium sulphate, 
and other salts. 

Several methods may be used in purif^dng lactic acid. Smith and 
Uaborn* of the Bureau of Dairy Industry, U.S. Department of Agri' 
cu turc, hare bnefly discussed siv methods for accomplishing purification. 

ne method is purification by the process of recrj’stalhring calcium lac- 
rp/f' by treatment \%ith sulphuric acid to liberate lactic acid 

^ IS process \vas described in detail in a foregoing section that dealt 
njt the production of lactic acid from ffhey. Olive* and Burton* have 
described this process. 

A second method consists in converting calcium lactate to zinc 
actate, u-hich crystallizes more readilj' than other lactates.* The rmc 
by repeated crystallizations. By adding hydrogen 
sti p idc to zinc lactate, lactic acid is liberated and zinc sulphide 

* Siimr, L. T., BQd H. V. CIJSBORX, /ttd, Eny. Chm. (Xew Ed.), 17; WI 0S9) 

» Oltve, he al. 

* Bdrto.v, he. ctl. 

*SiaTH, L. T., and H. V. Clasokj, Jnd. En^. €hem Ed.), 17:641 
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dpitated. ^Vnimal charcoal is added to decolorize the mass, which is 
then filtered. The filtrate, which contains the lactic acid, is concentrated 
by evaporation in vaeno. 

In another method, esters of lactic acid arc prepared, purified, and 
subsequently hydrolyzed to liberate lactic acid in a pure form. Methanol 
(CHjOH) is added to the lactate m the proportion of 10 to 20 mols of 
methanol to 1 mol of calcium lactate or 2 mols of sodium lactate, which, 
preferably, should be free from moisture. Any undissolved precipitates 
are removed by filtration. Sulphuric acid is added, which accomplishes 
two obiectives, liberation of lactic acid and catalysis of the subsequent 
esterification. In order to estenfy the lactic acid, the mi.\turc is heated 
for 4 to 8 hr. at a refluxing temperature. The precipitated substances 
are removed by filtration, and the evcoss methanol by distillation at 
atmospheric pressure. Using a low temperature, the water and most of 
the methyl lactate arc distilled under vacuum After diluting the dis* 
tillato in the proportion of 2 to 3 parts of distilled water to 1 part of 
distillate, it is slowly fractionated m a corro«ion-resi-tant column at 
atmospheric pressure. After hydrolysis of the mctliyl lactate, tbo 
methanol is recovered and the liberated lactic acid concentrated by 
evaporation in vacuo. Smith and Claborn state that cliemically pure 
lactic acid may be prepared most efficiently and economically by this 
method. 

Lactic acid may bo partially purified in another process by gently 
oxidizing the crude liquor, which contains the lactate-^ or lactic neid. 
Various oxidizing agents have liecn u^ed for this purpose: fotlium or 
calcium hypochlorite, potas-sium permanganate, potassium cliromate, 
nitric acid, hydrogen peroxide, chlorine gas, and ozone gas.' 

Lactic acid may be extracted from its water solution by the use of 
various solvents, one of which is isopropyl ether Tins process is s.aid 
to 1)0 expensive and hazardous, on account of the inflammability of the 
ether and possilijliiy of c.xpJosivp peroxides licmg formed 

Fnictional distillation has not Wn us«l successfully on u commercial 
.sc.ale. 

A method for purifying lactic acid and preparing n methyl lactate 
directly from the crude aqtieou* acid has licen desrril>od by 1 iluchiono 
and Fisher (19 10). The vapor of mctlinnol is parsed ihroupli the aqueous 
lactic acid. The cflliicnt vapors, which arc n mixture of methanol, water, 
and methyl lactate, arc condensed. Tlie c<indcns.-i(<. m.xy lie di«t{IIe<I in 
order to recover the methyl lactate, or it may Ijc hytlrolyztxl to obtain 
purified lactic acid Through a similar ums of other alcohols, other 
esters of l.xclic and may be obtained 

‘ Sitmi and Cuxborn. lof nl 
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USKS or UCTIC ACJD 

laicUr {irjM him luntiy 'Hi**-*. im-|n»In Jn mnn^Ytlon «jih 

fcKuln, f»'rfn»-mn(jon^ pharttiarcuticitN. nrid (h<* cht-tuiniJ 
«/i nfMlnlant, jIio i;r:i4lr id l.vttV «rM i« {w-<| in rfirjfiTtinnrfV, 

rxlr:^^’l^. fnni juirr-* niul ***''4*nrf*i, li-rnornflrt. pinijM. nti/| in otl;‘‘r 

prinlurtt. I.-icMr i»ny Jh‘ iiw-*! irt /h** riirifiK nf rnr-nt an,| in cann«{ 
vr^rlalih* an*! ii«li jjrin'liHi'* II nrli an n pri"*^nv«lh'r nnfl prcvcnN 
pnin'fariivi' rlmiKi-H from pJnn* irj •.ifj'*rkrniil nn<\ pjrUr:<. h 

»■< ij^nJ ii> «i>rj«» m ijif* tm»nfarii}rr id fjn'r, io fldjti't ihr pll 

id th*' Iirinr in tlm nianufnrttirc <tf pif'IJm! Rrin-n nrs'l lo mlufiif tf.'' 

«lc*>'rJ«ipmrni <if Imlyor nrnl li irti-na m tin* riuintifarpirf nf ytxi'-t. h w 
HM'<) III riinkinu nrnj l-r-i^’raerw. 

fri flu* rin'rnir.il nrjif ii iiwff in thr (hf/nc nf 

nmJ (ithf-r tfxtilr c'*'"!'. f' n riiofihni in iJjf priniifi? id in if-f* 

Icinns; phinvjnnc «f Imtljt-r*,’ m lh<' of fiMlr*, (n M'si'tali’'* 

tannine. unH «•> n tlux f«f »“ift * 'Hit* uatcr^tvIiUo ew'l? I« 

m the pla»iir iruln-'tfj' 

’Hir l.nr(ni<*<* n{.<i h.nvi* iinfKirtnnt iih-^. t’.nJriimi l-iolan* n*#"*! in 
Irnkine lKin<|»T». in hri’.-Kl, in tf»»’ ph.irnnri'Ullr.i! irn'I^ nml f(>r oil*'? 
pnri^»-<'*« Iron Inpi.ai#* m in pharmnrpntip.'i) inanufartujv. 
htri.'ilt’ t*! ofnp(«»y«*<J to at«f tn il«* n’t^ntnin <»f inniium* i'V "Urh proihjct* 
u-i tdliiOTd (\ipi*«T Inot.!!** ft xon' mijKirt.nnt in n «r»' 

ft»r tin* ojcrifolyiic fi<'jw»»iti»»« of in«*laN 

rM*"* h;M »• t*p*'n fouiMl for «Ipn».nlJ»»'* of l.irlii* nriil. f.tlirr* of 
iirid. ohicii /nay Jw n“l»n‘'»'iilr<l hy llir c*-nt'rnl furinnh ('IliCHOR- 
(•(KIH nn.l Inrii nrr in xxator. may N* iw-<l ft'' solvents 

/icon*, and imx'litaT't* in ilio mnnnfnrtuiv of mi*-. i>!a*drs nnd 

id hrtir arul. tthirh hut' th'' $:*’ni'r.ni formuH ^ (IjCIIOH ^ > 

iii.Tv U' iis<t} fur rij.'iny of ilio Mino pirrjM*'*-^ a** th- dirrx. Tli'* JV ■*' 
ft»r »‘M»inpl»\ ll»' tnilyl. ninyl. nml laund . -.'rr*, ^ 

^ta^»l!u^ than iho lixwor arv m-«»hdih* in "attT, and an* t o 

mon* (K-v/nifilf tftan ili^ f/itcrr. 

MECHANISM OF THE LACTIC ACID FERMENTATIONS 

Homofcrmcntniive Bncteria.— It lia'* ***-’^* r!fVrili\l 

►tapo-x in tJa- lariiv iM'id ffrmmtatnm may f/n/d.irioi o 

nk'tiluil fcnncniaCum. PluNphulo^ ndiMl *" *■* wHl 

fpmipnlnlion. 'Hie removal of ctK'ii^ym'' ff“in Kn-iic aci >ac 

* Sumi nml (‘i.MWMtN, «;r. <tl , 17: 370 clM3'» 

» Ilfimxv. o;. n/ . 9: 0.11 (10371. 

•Nmitii Btul C'mhoiiv, tor. nt 
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retard or cause the fermentation to cease L. dcWrueckii has the ability 
to convert hexosediphosphate to methylglyoxal, likewise, to con\ert 
methylglyoxal quantitatively to racemic lactic acid * 

Lactic acid may arise thus through methylglyoxal by a mechanism 
similar to that of the alcoholic fermentation (refer to Chap. V). 

C.II.iO. 2CH,COCnO + 2H.0 (Oy ..mill; 

ClueoM Methylglyoral to Ih.t of tlip olro- 

holi. ffmfiiUtion) 

Cn,C0CHO + H,0 G1>0..I— CII.CHOnCOOH 

MethjlgJyoiil ^ ^ t««ic .cid 

The total changes may be pxprcs.<?ed by tho foUomng equation: 

C.H.iO. -» 2CII, CIIOH COO» 

GIucom L»flic k.id 

Heterofermentative Bacteria.— Some of the first researches con- 
cerning the mechanism of the formation of the final products by hetero- 
fermentativo lactic acid bacteria were carried out by Gayon and 
Dubourg;* by Fred, Peterson, and Davenport,* by Peterson and Fred,* 
and by others. 

Nelson and Workman* carried out experiments nHth several hetcro- 
fermentative bacteria and obtained data upon uhich they have based a 
scheme for the dissimilation of glucose. The mcilium used by tlie«o men 
contained 2 per cent glucose, I per cent peptone, 03 per cent yeast 
extract (Difeo), 0.0 per cent Kjlir 04 , and 00 per cent KIIjPO*, with a 
pH of 0 2. Of these constituents, (1) the glucose, (2) tlic peptone and 
yeast extract, and (3) the phosphates were sterilized separately for 20 
min. under a steam pressure of 20 Ib. The separately stenlitcfl com- 
ponents were combined just licforc inoculation. The mashes were 
incubated under an atmosphere of oxygen-frec nitrogen at 30*( . for a 
period of 3 weeks before being armlyzcd 

The data of Table 89 illustrate the kinds and quantities of the prwl- 
ucts formed by L. acidophil-ocrogenrs and L. lycoprrstci from glueo'O 
Under the experimental conditions just mentioned. (L. acidophtl-<irro- 
venes and L. hjropcreici arc li‘>ted ns probable sjmonj’ms of L. twit m tlie 
sixth edition of “ Itergcy’s Manual of Determinative Hactenoiogj’ ) 

Nelson and Workman have hUggoste<l n tentative scheme for the 

• Asnrii.sos, C. O, "An Intrtslnrtion to IhcUnoJoRiral (1irmi«tn W jIIimii 

\Voo<! A ('omp'M.v. The Willi.sm* A tVwnp^iv, HilUmorr. llilS 

*r.ATnN, U , ct i: Dinon**,. /n't /'ai-fror.lS: 527'£n‘Ml'«n 

* Fnri>, !:. Il, \\\ H. l’»:Trn5<)s, and A. IrsvisroRT, Jovr Ihol Chrm . 42: 
tRn(lO20) 

M’i-rnf.ov. W II.. and K P Finn, /o««f CA^-m . 44; -l.'i 

•Nri^s. M i:,niulC JI WmsMas. Jowr . 30; 517 .V.7 (I'.il'l 
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Tajj^k 89 .— AvArrioitic D}fi.omtLATioN' or Ctuco^R nv L. acidophd-^trogtm 

h. iycopersici^ 


1 

Products 

L. acid&pkiU, 

oeroffcnet, 
tnillimols I 
per liter 

L. li/cop<r»ici, miliimob per liter 

I 

II 

III 

IV 

Glucose fcrnicntod 

8S 0 

SO.O 

92.1 

102.2 

112 2 

Ethyl nlcoho! . . . 

30 5 ! 

63.0 

69. G 

74.1 

78 9 

Acftic ncid 1 

JO 2 1 

12.1 

10.5 

15.5 

19.5 

Carbon dioxide , 

43 0 

Gi 3 

80.0 


95 1 

Lactic nod 

JOS. 2 

65 2 

07.6 

83.1 

89 7 

Glycerol 

21 7 

25.0 

36.2 

1 32 6 

13 5 

Succinic nod 

0 8 

3 8 




Percentage of carbon recov- 





i 

ered; 

I 





With succinic nod 


i 101.2 



103.9 

Without succinic acid 


' 101 0 

101. 9 

99.0 

Oxidation-reduction ratio 

0 873 

1.. 1 

0.851 

0 012 

0.SS4 



‘ N*w«ov, M. E , And C. II Wchkmax J*-' Baft , S0» M7-W7 (1935). 


dissimilation of glucose by hcterofcrmcnlativo bacteria. This scheme 
is given below. 


C.H„0, 

Otnw« 

IIc'osc phosphate* 

cni> cn.on 

illOtl +211-071011 
ilI.OII CH.OII 

Clyf<“r»I.Ifhy«Je* Clyrttol 

C.IUO.* ,, 

(II>I>otI«rlic«l 3.«rbon compeumu 


CHjCHO -f CO, + 
Ac«tnM<}iydr 

r +2H 

CH,C!I,OII 

Ethyl alcohol 


CH* CHOII COOH 

lactic acid 

CHi CO C^OH + 2fl 
CHjCOOH + CO, + 211 

Acetic acid 

been identified In the lewnentation. 


• Theao pfoducla ha\e not been identified in the ie«nen“ ' ^ ^ ^ y(aat 

In the foregoing scheme, acetaldchydo and is adde^ 

intermediates, ^^cn acetaldehyde, or of acetic 

to a glucose fermentation, there is an increase in 
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acid and corbon dioxide, but a decrease in the quantities of ethanol, 
lactic acid, and glycerol formed from glucose.* Since both acetnldehj’de 
and ncety\methy\carb\no\ are hydrogen acceptors, they nil! compete 
uith the hydrogen acceptors, such os glyceraldehyde, nhich arise nor- 
mally during the fermentation The result will be a decrease in tho 
quantities of the compounds that arc usually formed by reduction from 
these intctmedlary hydrogen acceptors. 

The acetaldehyde added to a fermenting medium is reduced toethanol, 
Nelson and Workman* have shown that pynitic acid may be fer- 
mented by L, lycopersret mth the production of equimolar amounts of 
acetic, lactic, and carbonic acids* 

OH 

CHi CO COOH + H,0 -» CH, C COOH CHiCOOH + COt + 2K 

l‘]T<ivfc «eid. Arctic ■»(! 

OH 

lt}<)r*t«4 pjni- 

CH» CO COOH + 2H - CH, CHOU COOH 

I’yruvic Acid «ti4 

One molecule of pyruvic acid is hydrated to form 1 molecule each 
of acetic acid and carbon dioxide (carbonic acid), vhilc a second molecule 
is reduced to a molecule of lactic acid 

Mannitol Fermentation. — The fermentation, by lactic acid b.actcria, 
in uhich mannitol is one of the prcKlucts, has ficon studied by Holcato* 
and by Schocn and Eras * The mechanism of this fermentation n\iU not 
be discussed here. For details in connection with this and the other 
types of fermentations dtscusse<l m (ho prccwlmg pamgniphs, the inter- 
ested reader is urged to consult the references cited. 

References on the Lactic Acid FerTnentatlon 
AvfJFRsfv, A A , ami J I'. GrE'VE^ rf-Ijictic Aad Fcrrac-ntalion uf Jrniwiem Arti* 
chokM, Ind. Eng Chrn , 34: 1522-1520 (19l2». 

AM>Kn»os, C G.. "An Inlrotlwrtion to JtactrnoloRM'at (■ii’-mLWO’. " 2<t . P illinm 

\Y<¥m1 a Company, The Withams & Wilkina totnpaiiN . Il.iltiniorr, 1010 
lUirrsLt. K : IVpiralion of tactic aciil by fermentation. Bu/I asior. ilhft iPi*f »»p/f 
/frmenl<ifi<me Cromf , 31: 274~2S5 (193S1. 
bu»\D> AV, C Jour. Pharmofof , (3) W: 214-201 (IMTl 

HoLCATO, V . Iticcrrho sui fcrmcnti lattr^mannitK'i It I.'.\culo lAttico nrlla fer- 
mcnt.nionc mannitica del Jo-mIosio, Ann <A«>n Qpplitata, 20: 21-30 (1030) 


>/W.31;«)3-f,l0(l030) 

' >triiiov, M. 1*. , nnd C 11 NVrnaMAn. loim .SInir el'll J<>mt , W; ttV-ttt 
(1030) 

• IlotiTATu, V, .tnn. fAiin 20* 21, 3.V>. 423 (1030). I.nfjmolf^gya, 5; 

52 (IDM) 

« Sciiocs, M , and U Eras, Enrjmoloyta. 4: 19S tl03T» 
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Research, 10; 185-195 (1939). 

EckI/E.s, C. H , IV. B. Co*fB'i, and JI Macv; "Afilk and Mdk Products,” McGran’- 
HUl Book Company, Inc., New York, 1936. 

Fieaciwone, E M , and C. H. Fisuen: Purification of Lactic Acid. Production of 
Methyl Lactate from Aqueous Solutions of Crude Acid, Ind. Eng. Chem., 38: 
228-232 (1946). 

Friedeiunk, T. E , M. Corowro, and P A. Shaffer; Determination of Lactic AciJ, 
Jour. BtoL Chem , 73; 335-358 (1927). 

Garrett, J F.: Lactic Acid, Iml Eng Chem,, 22: 1153-1154 (1930) 

JlAAfMER, B. W.; “Dairy Bacteriology," 3d cd., John Wiley & Sons, Inc., New York, 
1948. 


Kataoiri, II., and K ICrTAiURA; On the Optical P!roperties of the Fermentation 
Lactic Acids I. The J.actic Acid Bacteria Having the Special Nature of Caus- 
ing Fermentation Lactic Acids to Form Inactive, Bull Agr. Chem. Soe. Japan, 
11:997-'1007 (1935). . 

and n The Manner of Lactic Acid Bacteria towards Inactive wa 

Active Lactic Acids Added to the Fermentation Liquids, Bull. Agr Chtm Soc. 
Japan, 12; 90-100 (1030) 

— and — ; Part IIL The Action of the Inaciive Lactic Acid-producmg 

Organisms upon the Optically Active Lactic Acids Added to the Fermeatstioii 
Liquids, Bwii Agr Chem. Soe. Japan, 12: 2S1-283 (1936). 

and Part 2 V. A Non- Em)-me, Baeemiasc, Which Reveals R8C«m»' 

tion of Lactic Acids, Bull. Agr. Chem. Soc Japan, 12: 844--852 (1936) 

and Part V. The Action of Acetone-Butyl Alcohol 

isms upon Opticaliy Active Lactic Acids, Bull Apr. Chem. Soe. Japan, 1 

ond^— ^ — : Part VI. On Some Properties of Itocemlasc, Bull. A)t. Ohm. 

Soc. Japan, 14; G4^M9 (1038}. , . fi<,etlc 

and : Racemase, an Ensyme rrhieh Catalyses Rarem.rat.mt of 

Acids, Biochem Jour., 31; 909-914 (1937). .. 

and CCA’IJL The Lactic IJehydrogeaiase of Lactic Ac 

BjocAcm. Jour., 32: 1654-1657 (1938). _ On Fiuns* 

— and ; Studies on the Ensj-mes of Lactic Acid wrg {io 3 S). 

rase of Lactic Acid Bacteria, BuU. Agr. Chem Soc. Japan, . (1^,0*) 

Kayseb, M E Etudes sur ha fermentation lactique, Ann fw^t jj^jaird 

Koser, S. a , and F. Saunders- Accessory Growth Factors for ac 

hlieToorgsnism8,Bact.Jiep.,!l:^>-190(l03S) Hw. IrijA- 

Koz4r, Y.; Beitrago zur Kenntniss der spontanen Milchgeumnung, 

tionsKrankh,81:337 (1800). .jr^TnentsofLa^'f^""''* 

KnvEOEn, K. K , and B'. H Petehson: The Nutritional Requiremems c 
pcnlosus 124--2, Jour. Bad., 65 (No 5): 683-692 (1948). 



THE PRODUCTION OF LACTIC ACID BY FERMENTATION 427 


Leonard, Tl. H , W . H. Petf-r^n, abd M. J Johnson: l>actic Acid from Fcnnenla- 
tion of Sulfite Waste Liquor, Ind Eng Chtm , 40 • 57-67 {I'JIS) 

Lister, R.: Quart Jour. Mtc , 18: 177-178 (1878) 

: Tram 5oc , 29 ; 425 (1878). 

Lutman, B. F.; " Microbiologj't” McGraw-lIdl Book. Company, Inc., Kew York, 
1929 

Marshall, C. E.; "Microbiology,” P. Blakiston's Son & Company, Philadelphia, 
1921 

Mat, O, E., and IL T Herrick. Produetton of Organic Acids from Carbohydrates 
by Fermentation, V,S De-pl .Igr , Ore 2I6, Mav. 1*>32 
McCuLUici!, E C.: '‘Disinfection and Sterilization.” 2d cd , I^ea A. Febiger, Phila- 
delphia, 1945. 

Nelson, M E,andC II. Werk^lan Dis-umilation of Glucose b> IIeterofcTment.ativc 
Lactic Acid Bacteria, Jour Boct , 80; 547-557 (1935) 

and . Diversion of the Norma) Iletcrolactic DissimiJntion by Addition 

of Hydroeen Acceptors, Jour Bait , 31: 603-610 (PtSO) 

■ — and ; The Dissimdation of Pyrutnr Acid by LartolicfiWu* lyeopentn, 

lotca Slate Call Jour. Set , 10: )41-H4 (1930) 

Kencki, M.: Dio isomcrcn Milchsivuren ais ErkennunRsmittel einzelner SpaKpilrartcn, 
Centr. BaU. Paratxtfnk , 9: 304 (1891) 

Oi.iVE, T. R : Waste Lactose Is Haw Material for a New Isctie Acid Proeew, Oieni. 
* iVel. Eng , 43: 4SO-4S3 0036) 

Ofti-t-JESscN, S.5 The Lactie Aeid Daetcria, Kgi Danete Pufcneta^i Selslah, S^rt/lfr, 
Nalurndenskab Malfc. Afdc , Ser 8. 6. 5l-l')C (19)9) 

; "Dairy Bacteriology,” 2d cd (in Ejiglisb), P BlakMon's Son A Company, 
Philadelphia, 1931 

, N, C. Otte, and A Ssoo-KjaEb Dcr Vitaminbedarf <ler Milchsilimhal* 
ter’ien, Cen(r, /iaO /’arasdrnl , Abt 11,94: 431-447 (l')36) 

Pan, 8 C,W. II pETtnso.v, and M J J«»iis.hc»> 4w)erat)on of Isrtic Acid Fermen- 
tation by Heat-Labile Su)>i-taneos, /nd Eng Cftem . 32: 709-714 (U)10) 

PrcKiUM, Cf.T , Jr.- The Commercial Manufacture of Isctic And, Chrm Eng Nrvx, 
22; 4iO~t43, 400 (1044) 

PrornaoN, C, S ; The Fermentation of Gluco«e. rrurtose and \rubino«f bv Organ- 
isms from Spoiled Tomato l*roducts, .Y.V Stale Apr Etpt Eta, Trrh Unit 151, 
1020 

- : The Cias-piwlucing Species of the Genus L<irlot<an(iin, Jour /)orl , 36: 95- 

108 (1938) 

, 4V H PFTrR.soN, and H B. rnrn Tlie Forms of Urtir And Prodiin-d by 

Pure ami Mixed ('ulture«» of Uactrria, Jour lUat Dirw . 66: l.M il‘l2')) 
IloDVSKiuciiFN, J ;l.eetie and fermentation smf its raw^itive orgsnt<m'», Fortfhung*~ 
t/irnut, 6: fS3-2f)0 ((938). 

lloarii-s, L. A. (n«'«ociates of)- "Fundamentals of I>ur\ Snmrr, 2il o<l , ItnnhoM 
Pubti-bing Corporation, New York, 1036 

Simon, 1',.. Cberfiibrung Min Milrbsiture in Itrenzlraub* nsitiire miltrl Bsklrrien fVI- 
brbrU, B.orlirrn Znt . 245: 4H.8-4‘a (l'J32i 
SuiTli, L. T , and H \ CutnoBN I'tilizatmn of Iwirtir Acid, / ruf Eng Chrm (Vrirt 
E.l ), 17; 370 (t'i3‘i) 

and — The Pnnbictwn of ISire lactic Ancl. Irvl Eng rAcw. (A nr? F-l ), 

17:611 {193U 



428 


INDUSTRIAL MICROBIOLOGY 


SvELL, E. E , F. M. Strong, and \r. II. Peterson: CCXXIII. Growth Factors 
for Bacteria. VI. Fractionation and Properties of an Accessory Factor for 
Lactic Acid Bacteria, Btochem. Jour , 31: 1789-1799 (1937). 

^ ^ nnd ; I'antothenic and Nicotinic Acids as Growth Factors for 

Lactic Acid Bacteria, Jour. Am. Chem. Soc., $0i 2825 (1038). 

^ — „ — . Growth Factors for Bacteria, VIII. Pantothenic and 

Nicotmic Acids as Essentia] Growth Factors for Lactic and Propionic Acid 
Baotcri.-i, Jour. Bad., 38; 293-308 (1939), 

, E L XATUAr, and IV. H. Peterson; Growth Factors for Bacteria. III. Some 

Nutritive Itcrjiiiromcnts of LacltJmaUus delbrucht, Jour. Bad, 33; 207-275 
(1937) 

Stiles, II. 11 , and L AI Pruess. Nutrient Requirements of B. dcthriicAH in the Lactic 
Fermentation of Molns'ics, Jour. Bad , SB; 149-153 (1938). 

Tatuai, E L , \V II. Peterson, and E. B. Fred; Effect of Associated Growth on 
Forms of Lactic Acid Produced by Certain Bacteria, Btochem, Jour., 2£>: 

(1932) 

and ; Fermentation Method for Production of Dextro-Lactic Acid, 

Ind Eng. Chem , 27; 1493 (1935) 

, — and E. B. Fred; Enaymic Racetnization of OplicaDy Active lactic 

Acid, Biochem. Jour., 30; 1892-1897 (1936). 

U'lUTKER, E. 0 , and L. A. Roobrs: Cbtitinuous Femontathn in the Proiuction of 
Lactic Acid, /nd Fn? Chem., 23:532-534 (1931). . . 

Wood, II. G , A. A Andersen, and C. H. Werkaun; Growthffsetors for Propionic 
and Lactic Acid Bacteria, Proc. Soc. Ezpt Biol. Med., 36; 237-219 (1937) 


Some Patents 

Daly, 71. E , J. F Walsh, and H. C. Hsbols: Fermentation Process of MaLuis 
RTiite CaJemm Lactate, U.S. Patent 2,143,359, Jan. ID, 1939. 

Faithpcll, S. E . Afanufacture of Lactic Acid, U S. Patent 1,569,221, Jaa / 
Haag, I, L ; Puri6cation of Lactic Acid, U.S. Patent 2,013,096, Sept. 3, 

Macallum, A D.; Purification of Lactic Acid, US Patent 2,013,104, Sep , 
Needle, H. C ; Fermentation Process for Producing Lactic Acid and ac a s, 
Patent 2,143,360, Jan- 10, 1939 , • j ys, 

Peterson, W H . and B. B Fred; Production of Lactic and Acetic ac , 
Patent 1,856,425, May 3, 1032. 

Standard Brands, Inc., U.S. Patent 2,032,433, 1930. oi^noT^'? July 39, 

CTrbain, 0 J^L; Process for Producing Lactic Acid, US. Patent , , > 

1935, Tjg patect 

Walsr, J. F., and 11 C, Needle: Lactic Acid Ferment.'ition rocess, 

2,145.358, Jan 10, 1030 



CHAPTER XVII 
SAUERKRAUT 

Sauerkraut is the clean, sound 

. . . product of characteristic flavors, obtained by fulHermentation.cliiofly lactic, 
of properly prepared and shredded cabbage in the presence of not less than 2 per 
cent, nor more than 3 per cent salt. It contains, upon completion of the fermen- 
tation, not less than 1.5 per cent of acid, expressed as lactic acid traiierkraut 
which has been rebnned in the process of canning or repacking contains not les-s 
than 1 per cent of acid, expressed as lactic acid.' 

The fermentation is a natural one induced by bacteria resident on the 
loivvcs of the cabbage. Cy suitable control procedures involving selec- 
tion and cleanliness of materials and regulation of the conditions of 
fermentation, an excellent food product is made 

Varieties of Cabbage Used for Sauerkraut Manufacture.— Sauerkraut 
may he manufactured from many different varieties of cabbage, but the 
varieties that grow slowly and form clo&ely filled heads are preferred All 
Seasons, All Hoad Early, Glory' of EnUiuizcn, and Flat lJutch arc some 
of the desirable varieties.* 

The variety groun "lU depend m part on local condition^ of the 
climnto and soil available. 

Fully matured cabbage should be useil for sauerkraut manufacture, 
since Aic use of green cabbage often leads to the production of kraut that 
is defective in color and in texture ’ 

Composition of Cabbage. — Various analyse', have liccn given for 
cabbage.* Atwater ami Bryant* state that cabbage contains Rf. to tM 3 
Iier cent water. 2 9 to 0. 1 per cent sugar. 0 2 to 2 4 per cent protein. 0 I to 
0.7 per cent fat, 0 5 to I 0 per cent filler, and 0 1 to 2 1 per cent a-li 
Petervon, Fred, and Viljoen,* in analyses of fre^h cabb.ige. found 91 0 to 
93.9 per cent water, 3 to 1.2 per cent sugar, and 0 15 to 0 21 per cent total 
nitrogen. 

‘ V S IVpt of .\KneiiUiiro. F D . JVn irr •n.l IP pi!n«r>- \nnoiinr. mcnf. J i-u] 
ami Dmc. No 2, Hev 5, N»i»o«iil>rr, l'.i30 

i: , iJrpt Agr.Cire 3.», Juno. I02S 

• II., .1 

MVIST..V. \ l-.nt.aU It WivTO>,'‘Tl.oStnirturr«n.H ompo.'itKm 

Vot n, John UiIrN A Sn«, ln<* , \>» York. 1"V. 

*VTW\Tni,t\ O.ntt.l k I* / A’ /irjrf .Ifr Hull 2s J'KVl 

* Peteiwov. t\ II. F. It rnrt>,ioi.lJ .\ Viuorv Csnnrr. «I ; jy r | 
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Commercia! Manufacturing Procedure.— Proparatorj- to shredding, 
Round cabbage is stored in well-ventilated buildings for at least 1 day to 
induce wilting and to obtain a product of more uniform temperature. 
The wilted cabbage should he cut with (he production of the least amount 
of injtirj’ to tlic shred.s, for dam.igc might result in a subsequent softening 
of the saviorkraut. The spiral drill of a coring device cuts the core but 
doc.s not remove it from the c.'ihlmge, which is pa.s.'sed on a conveyor toa 
trimming t.'ilde where tlic outer leaves and any undesirable portions are 
removed. The cabbage is sliced by machine and the .‘■hreds are trans- 
ported to the fermentation \'ats, some of whicli have a capacity of at least 
SO tons of sauerkraut. Salt mnj' he applied evenly to the shredded 
cabbage as it is being distributed in (he vat or it may he spread through 


the product in the carts that carry the cabbage from the cutting room 
to the vats. A round cover is placc<I over (he salted cabbage in each vat 
in such a manner that ^-erj' little of the c.ihbafic is left exposed to the air. 
Weights, usually cement blocks with handles, are placed on the cover to 
force the cabbage under the juices e.vtractcrl from the shredded and salted 
product. ^^Iicn the acid content has reached at least 1.5 per cent, a 
proces.s that may require from 3 to 4 or more weeks, depending on the 
temperature, the fermentation is usually complete. 

Products of Fermentation. — ^Juices containing the sugars and other 
Roluble fcubfitanccs are xdthdraivn from the sbrechhd cabbage t ® 
action of the salt. The bacteria that bring about the charactens io 
Riucrkraut fermentation net upon the sugars and break them down o 
lactic and acetic acids, mannitol, ethyl alcohol, carbon dio.xidc, 
amounts of other products. Esters arc formed from alcohol an 

oi^anic acids, k r 4 on 

Microorganisms, — Many tj^pcs of microorganisms may be 
the cabbage. Pederson* of the New York State AgncuUura xp®*’ 
Station classifies the more important microorganisms that may 
fermentation into three groups: one group contains tho=e ac 
bring about the normal sauerkraut fermentation; one group 


spoilage bacteria; and one group contains yeasts that 

Desirable Types.—Thc common hictic-acid-P'cxhiang 
produce a normal sauerkraut fermentation may ‘'C lu ^ 
three ty-pes: gas-producing cocci, ^ (he 

producing rods. These three tjqies arc the only ones o 
normal controlled ferment.'ition.* During the hrst par o pj-e- 

fermentation, the gas-producing cocci, Leuconostoc mese 
dominate, for they find the salt concentration of P® 

’ Pederso.v, C. S., X.Y. Stale Agr. Expt. Sla., BmH- .gso 

* Peoersdn, C Q,NY. Slate Agr. Expt Sfa., Tech 
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temperature of 70®F., or below, favorable. These cocci attack the sugars 
incompletely and produce lactic and acetic acids, ethanol, mannitol, and 
carbon dioxide. Tliey produce the least amount of change in the protein 
and in the cellular structure of the sauerkraut Wlien the acid content 
increases to 0.7 to 1.0 per cent, they are destroyed. During their de%'eIop- 
ment, esters, which impart flavor to the sauerkraut, are formed from the 
acids and alcohol produced by them 

The two other types of lactic-acid-producing bacteria do not develop 
rapidly at first under the conditions of the fermentation, but they gradu- 
ally gain ascendency and carr>' the fermentation to completion One 
of these types, the non-ga.s-producing rods, includes /-ac/ofcanWwscucumms 
(a probable sjTionym of L ■planlarum) and L ■plantarumy which produce 
lactic acid in large quantities (refer to the section on homofermentafive 
lactobacilli) from a portion of the unchanged sugar and the mannitol, 
the latter substance having been pro<luced from sugar by the gas-produc- 
ing cocci. These lactobacilli are slonly destroyed, o«ing to their lack 
of resistance to the acid produced 

Fermentation is completed by the third tj-pc, L. prntoaccticua (a 
probable sjmonj’m of L brevts), which produces lactic and acetic acids, 
ethanol, mannitol, and carbon dioxide from the remaining sugars. This 
organism is quite resistant to acid, withstanding an a6id content as high 
as 2.4 per cent. 

The following tabic, from Pederson’s rcv>arches, shows analyses of 
partiallj* and completely fcrmen(e<I sauerkrauts. 


Tabik 90— AsALY<»r.s or PAnTtAi.i,T anp Cowri-ETrLT FrRMEvrrn Knurs’ 


Krnut 

no. 

Total j 
ncid, 

per cent I 

I.'ictic ^ 
ncid, 
per cent 

Acetic 
Arid, 
per cent 

Acetic 
ocnl/ 
lactic Bcnl 
ratio 

j Alcolinl, 
j per cent 

Mannitol. , 
I [ht rent j 

1 PuRara 

Parli.iHy r<'rmriitn«I Kraut 

lOS 

0 S.5 

1 0 535 

1 0 210 1 

0 39 

0 -it 

t 0 as 

Trace 

100 

0 OS 

0 015 

0 237 1 

1 0 33 

0 32 

1 0 .VI ' 

Trace 

111 

0 01 


' 0 2S3 j 

ti a5 

0 30 1 

0 42 

Trice 

113 

0 8S 

0 530 

1 0 231 

1 0 4t 1 

0 32 

0 39 

Tr,... 



Coinjilelcly IVrriJenlerl Krnut 



100 1 


' 1 20S 

0 2r.s 

0 21 f 

0 02 

Trace ^ 

None 

111 


j I 301 

1 0 3IS 

1 0 21 ] 

0 47 

Trace 

None 

113 

1 1 07 

' 1 183 

0 321 1 

0 27 

0 o.> 

Trace 
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A marked increase in the quantity of lactic acid with bvit slight 
increases in the acetic acid and alcohol content indicate that the non- 
gas'producing lactobacilli have dominated during the last stages of the 
fermentation. 

The spoilage types of bacteria arc usually aerobic and attack the 
proteins, exert but little action toward the sugars, and fail to grow in acid 
media. In the normal fermentation this group fails to gain ascendency. 

Yeasts grow in the presence of oxygen, attack the sugars and lactic 
acid, but rarely develop during the carlj'' part of the fermentation They 
may cause pink sauerkraut unless controlled. 

Starters. — The use of starters is not adv'ocated, although under 
certain circumstances good to excellent results have been secured through 
their use. 

A starter may consist of a pure culture, such as Leuconostoc maen- 
tcroidcs or Slrepfococcus lacfis; of a mixed culture, containing tho,«e 
organisms normally found in the sauerkraut fermentations; or of saucr* 
kraut juice. 

Starters containing pure cultures of the cocci that predominate during 
the initial period of the fermentation, or kraut juice, nitb an acidity of 
0.25 per cent or less, withdraxvn during tho early stage of a fermontatioJi/ 
may bring about d normal fermentation. The value of the use of sue 
btarters is questionable, according to Pederson.* 

When the sauerkraut juice contains more than 0.30 per cent of aci , 
the development of L. mesenferoides is inhibited and the resultant mu 
)S of an inferior quality. The non*gas-producing rods predonuna c 


under the.se conditions. 

Old sauerkraut juices, juices containing more than O.SO per cen ac , 
and cultures in which the lactobacilli (LactobactUus cwctnnms 
pentaaceiicus) predominate usually produce sauerkrauts o a p 
quality. For these reasons, sauerkraut manufacturers are a 
wash thoroughly and steam any \*ats in which a sauerkraut ^ 

is contemplated and in which a fermentation has just been 

Three factors are of much importance in regulating t le 
of cabbage: the concentration of the salt, the covering o os 


and the temperature of fermentation. ^ sauerkrauf 

Salt. — Salt serves several important functions {aetk 

fermentation. It draws the juices out of the cabbage, i ^ ^ jj.n,u(e' 
acid fermentation, the acid of which checks { product, 

to the flavor; and it has much to do with firmness ** ® ^.jjj tie the 

The greater the amount of salt used, the ***^*'® ® ^ leaves, 

extraction of juices, and the firmer will be the shre e 
' Pederson, C S , J'. Slate Agr. ExpL Sta., Tech Bull. 21 , 
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But high concentrations of salt amII inhibit the desirable fermenting 
bacteria to some extent. It becomes necessary’’, therefore, to select a 
concentration that Mill perroit a normal fermentation and give a firm, 
high-grade sauerkraut. A salt concentration of 2 5 per cent is fa\'ored 
by many commercial sauerkraut nianufacturers—2.5 lb. of salt per 100 
lb. of cabbage. 

Spoilage types are not inhibited to any great extent until a .^alt con- 
tent of 5 to 7 per cent is used. A high concentration of salt, therefore, 
cannot be depended on to prevent spoilage This concentration of salt 
is, nioreover, prohibitive for the sauerkraut fermentation. 

The salts used in the fermentation should be of a knonn, pure grade 
flee from calcium and magnesium salts and should be measured bj « eight 
rather than by volume, since densities vary' for different salts Salt 
should be thoroughly mixed with the shredded cabbage. 

In 1916, Henneberg* advanced the opinion that salt is added to 
cabbage only to M'ithdraw juice. Hof* (1935) concluded, as the result 
of experiments in which 2 5 per cent salt «as added to cabbage m one 
case and M’ater but no salt in the second ease, that the most imjiortiini 
reason for adding salt to cabbage was to promote the formation of juice 
The sauerkraut made without salt ivas much softer than that prepared 
w ith salt Gerson* states that sauerkraut may he ma<lc by adding « atcr, 
without salt, to the cabbage. Such sauerkraut voiy soft, houover 

The salt concentration of a sauerkraut may he determined by titrat- 
ing a sample of the juice uith 0 1 N silver nitrate, using potas-simn chn>- 
mate us the indicator. 

Covering the Sauerkraut. — The covering of sauerkraut during fer- 
mentation is necessary to o.\cludc oxygen, uhich favors tiic development 
of yeasts and spoilage types of bacteria (Sec the section on s-aiierkraut 
spoilage.) 'Weights are placed on the cover in a vat to force the extracted 
juites over the uppermost layer of sauerkraut Muslin cloth is Romc-timt-.s 
ii‘<’d to aid in maintaining moisture in the pro<luct at tlie top of tlie xat 

Temperature. — Tlie optimum tempcr.iture for the Muerkraut fernien- 
latioii is bolievod to be Co to "Q'T (18 3 to 21 IX ' ), mIuIc ibe range of 
fiO to 70^r. (15.G to 21 l^C)* is satipfaclory ^"3' tcniiwraturcs hclo« 
G0®F. (IS-GX.) retard the fermentation. ‘As was st.atixl earlier^ /xufo- 
fiostoc mescntcfoidcs grows Mcll at temperatures liclow 70 F. (21,1 C ) >ut 


‘HEvMnrno, W., PfHt Enigirul 21-22(1916). 

* Ilnr, T., UfC, frnt, botnn. nirrlarul., 32: 93 (I93.S) 

‘ G» n«ns-, M , '• M, me 1)1.11,” p. !K5, llhtcin, Kcrlin. mSO. 

‘I’li.Mi-snv, Sta , Bui! SOS, 1031 

I’mooii.. II. 11, n. It. Kkhv W H. Pi-n.B'»oN. J V. McCossir, nntl \N. 1. 
lonv, Jcur Agr. Itrtfarrh, 36: 1021 (l‘>27) 
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at 60“F. (]5.C°C.) or below, the fermentation wi!! usually cease after the 
production of about 3 per cent of acid, since the lactobacilH fail to develop. 

Exporicnce has sliown that the tiso of high temperatures for the 
fermentation is also undesirable. The use of temperatures around 80^T. 
(30®C.) favors the development of the Jactobacilli but retards the develop- 
ment of Lcucoiiosfoc, winch is primarily a flavor-producing organism. In 
order to maintain cabbage at this temperature, artiflcial heating must he 
employed. If the building is healed to above SC’F, (SO^C.), as would be 
necessary, spoilage is likely to lie incurred. 

Spoilage of Sauerkraut — Aside from purely aesthetic reasons the 
importance of maintaining a sauerkraut factor}- in a high state of cJeanli* 
ncs.s is cmplmsizcd bj- a stud}- of the folloiring causes of spoilage. 

Dark sauerkraut is not uncommon and may be caused by a number 
of factors. Exposure of the sauerkraut to air may produce a dark 
product. Too much salt in certain cases, the result of uneven disfrihu- 
tion, causes darkening of sauerkraut (“burned” sauerkraut), since 
normal fermenters but not spoilage types of bacteria are inhibited by high 
salt concentrations. Darkened sauerkraut may bo induced by the use 
of cveossively high temperatures during fermentation, conditions that 
favor tlio development of abnormal ty-pcs of bacteria. The presence of 
iron and tannin (from wood), or the surface rotting of sauerkraut may 
also produce a darkened product. I\Tien the fermenting product js 
improperly weighted and the juice fails to cover or moisten the surface, 
aerobic bacteria and yeasts arc likely to produce a darkening of the sauer* 
kraut at the surface owing to tl>c faulty fermentation that they cause. 

Pink sauerkraut is causc<l by certain kinds of yeast. The 
found on sauerkraut develop only when air is present. Hence t cy arc 
usually found in the juice at the surface of the sauerlaaut, occasiona j 

A white. whew wot wcU covered, or in tho air pockets 

between tho sides of tlie vat and the shredded cabbage, especia } 
the salt and cabbage have been unevenly mixed. Sugar an^ , la s 
cases, acid may be attacked by them. They also produce a ^ 
that may vary- from a pink to an intense red in color, n co 
and properly fermented normai sauerkraut these organisms o n 


The growth of pink yeasts is favored hy foctois that jja- 

sequence of bacterial growth.* Thus a high tempera ure 
tion, a salt concentration greater than normal, an yeasts 

and a cabbage of Jon- nitrogen content* may favor the grow 


producing a pink or red color in sauerkraut. 


' Pkoerso.v, 

* Pf:TEB50N, 


w, C S, »nd C D 

m. Kara So,lSc,,it. 
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So/l sauerkraut may be due to the use of too little salt, high tempera- 
tures, faulty fermentation, or exposure to the air. The use of insufficient 
salt may produce a soft sauerkraut because it fails to draw enough juice 
from the cabbage or because it permits the lactic-acid-producing rods to 
develop. A lugh temperature favors the gronlh of lactobacilli at the 
beginning of the fermentation rather than m their proper sequence, uith 
the result that the structure of the cabbage leaf is broken doMTi to some 
extent. In such cases, the cocci fail to develop properly. Improper 
cleaning of a vat that has been packed previously, combined uith higli 
temperatures, fax'ors the predominance of those tj^ies of bacteria nliich 
are commonly found at the end of the fermentation. Tliose bacteria 
have, as previously staled, a greater ability to weaken tiie structure of 
the cabbage. Softening of sauerkraut by bacteria or yeasts growing on 
the surface of a product that has undergone a normal fermentation is 
not common. ‘ a. 

SUmif saiterkraut is caused usuall)* b 3 ' the rapid growth of cer- 
tain strains of iacfoianVlua cucvmens nnd L. planfnrum, especially 
at raised temperatures. Such sauerkraut is edililc but of an objection- 
able character. The slime may sometimes be dissolved by canning 
or cooking. 

Rotted saucrlcratU may bo caused by molds, yeasts, bacteria, or, once 
in a uhilo, fruit flies. A heaiy mushn cloth placed over the .surfaco of 
the shredded eabb.ago and pushed do«n the sides of the vat at the time 
of packing it may bo of conMdcrabIc value in preventing rot. Tbo cover 
is placed directly over tlic cloth with enouglt weights on top of it to press 
down the caliliago without causing the pu'cc to flow owr the cloth. 
Since the surface of the fermenting sauerkraut is kept moist the growth 
of undesirable types of bactena will Iks inhibited Flies will lie excludctl 
bj' the cloth. 

OJf Jlnt'ora may result from changes in the normal hcquence of iKictcrtal 
development, or from too r.ip«l « fermentation 

A mclhoil for prevenJing the development of aerobic organisms during 
the sauerkraut fermentation hasliccn patented b}' Ham«on (IP 1 1) 'Hie 
fermentation is eovcml with a ga-slight closure, rquipiKxl with a 

rclca-^ valve. The carbon dioxide protluceil during fcrmcnialinn ilrives 
mil the air. iUtcr ilie fermentation is complete, an ntmosplipre of ear!>on 
dioxide may Ik* maintained by adding the gas from a prev-um t.aiik. 

Cabbage for Sauerkraut. — Tabic 91 gives information concerning the 
priKlurtinn of cabbage for Kiuetkraiit. 

\t\ examination of ibis tabic indicates that Xow York proflun*s 
mure than one-thinl of all the enbbage umsI fur •eiuerkraiU tnami- 
fnctiire. while Wi'coiiom provinces more ih.xn <im**r(fth .\ppf<»iima(e}y 
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three-fifths of the total quantity of cabbage is thus produced by Xcw 
York and Wisconsin. 

Ohio is the third largest producer of cabbage for sauerkraut manu- 
facture. 

Grou'ors reccii'c different prices per ton for cabbage used for sauer- 
kraut manufacturer. In 1928, the av'crage price received by growers was 
S9 54 per ton; in 1932, S4.1I; in 193G, $13.06;^ in 1945, $13.31: and in 
1946, $13.29,* 

Prices paid in different states varied considerably': for evaraple, the 
average price received by growers in New York was Sll.lOper ton in 1946, 
while that for growers in Illinois was S16.00.® 

Other information of interest concerning the statistics of cabbage 
production for sauerkraut manufacture and the location of plants wll 
be found in Technical Bulletin C40, published by the U.S. Department of 
Agriculture.* 


Table 91.— Cabbage foe Kraut; 1916 bthi Covpariso.'s* 


State 

j Acres 

1 Froduc 

lO-ycar 

average 

1945 

1946 

[ 10-year 

1 average 

1927- 

1930 

1933- 

1944 

1027- 

1936 

1935- 

1944 

New York 

0,280 

6,530 

9,200 

8,300 

58,700 

83,800 

Ohio 

2,220 

1,840 

2,200 

2,600 

18,900 

14,500 

Indiana 

1.410 

1,310 

800 

600 

8,600 

7,800 

Illinois 

070 

4C0 

500 

680 

4,200 

2,900 

Michigan 

1,310 

000 

400 

300 

9,800 

6,300 

H'isconsin 

4,640 

4,760 

5,800 

6,300 

34. 6<^ 

34,700 

Minnesota 

330 

200 

300 

200 

2,700 

1,400[ 

Colorado 

330 

250 

2801 

240 

3,600 

2,600} 

Washington 

310 

330 

400, 

370 

2,700 

3,400} 

Other states’ 

1.000 

2.180 

2,850| 

2,660 

u.oooj 

15,000[ 

Total, all states 

10,160 

18,760| 

22.730 

22,250 

54,70^ 

52,400p 



u.b Uepartment of A^cuUore. Agrieullttm Stat«aties, J94«, r.,niio* Or^*®o. 

» "Other states” ijieludes Florid*, Iowa, Maryland. Mwoun, New Jersey. No^b i. 
I’enoaylvatna, Tenaesace, Teaaa, Utab. and VirpiUa. 

‘ U.S. Department of Agriculture, Bureau of Agricultural Economics, V c 
t036. ^ Q lOlS. 

* U.S. Dept, of Agriculture, Agricultural Statistics, 1947, j, SuJl. 

» Spangler. R. L , Marketing Commercial Cabbage, •> 

646, October, 1038 
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CIIAPTKIl XVIII 
PICKLES 


I’ickJcs are 

. . . immature cucumbers properly prepared, without taking up any metallic 
compounds oUier than salt, and pre^cr\‘cd in any kind of vinegar, with or without 
spices. PicUcd onions, pickled liects, pickled beans, and other pickled vegetables 
arc vegetables, prepared as dcscribctl abow, and conform in name to the vege- 
tables used.* 

Classification of Picklcs.—OwinR to modifications in methods of 
preparation, there arc a large variety of pickles However, these may 
lie conveniently grouped tis dill, sour, and weet pickles, according to the 
classification prepared by Fabian and Switzer,* which follows: 

I Dill pirklcs 

A Fcrnirntrd <hll pi('kl<*9 

a. Genuine dill pickles 

b. Genuine Ko^lior dill pickles 

c Oi ernisht dill or fre»h termented ilill pickles 
d On ernight or fre*h (ernienteil Ko«hef dill piekles 
e Polish dill pickles 

II Vnfermcfited dill pickW made direeih from tresli eueumbers 
a Fre">h or pssteunicd diii pickles 
b Iceberg or qiiarttred dill pickles 
Dill pickles made from wit Mock 
A Proecvied itmlftlifm or rummer dill pirkl**s 
b Prorcori <i itiiit.sliim or rijmmir diH pirklrs 

c rasteiiririsl ptwi-sMs! dill pickles 
d rnsteuriKsl procesrcsl Kosher dill pieties 
n ivMir pickjes 

\ ikiur pickles 

ft J’lsm roiir pickhn 
b Slicisl or bol wur pickles 
n MitcI ^oiir pickh-s 
n Mistsl iin*pie<sl 
b Spirnl fir hot niixisl pirktes 
e Mirol ch'itncN 
<■ Jbl)*h ebon rJjo», etc 
n (liottcbow 

' I .S’ Pfjit n/ tgrii-uPiirc, .Srrtirc Ofi<t Krgutolnry I nnnuncrsnenfj, FoM /tru-J 
tdmin . V.. 2. lle\ 5, SoNcmUr. I‘i3r. 

•IvlUSS.K W , fttid U G PuiTnn, f’rml /‘ro'liiCt* Je'ir , 50 (Xo. 5): 130 IJyll I 
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CHAPTER XVIII 
PICKLES 


Pickles are 

. . . immature cucumbers properly prepared, tvithout taking up any metallic 
compounds other than salt, and preserved in any kind of ^^negar, with or without 
spices. Pickled onions, pickled beets, pickled beans, and other pickled vegetables 
arc vegetables, prepared as described above, and conform m name to the vege- 
tables used.* 

Classification of Pickles. — Owing to modifications in mctlioch of 
preparation, there arc a large vanetj' of pickles However, theiu; may 
l)c conveniently grouped as diU, sour, and sweet pickles, according to the 
classifieation prepared by Fabian and Switzer,* which follows: 

I. Dill pirkles 

A. Permentrd dill pickles 
a Genuine dill pickles 
b Genuine Kosher <lill pickles 

c. Overnight dill or fresh fermented dill piekles 

d Osernighl or fresh fcrnientcd Ko«her dill pickles 
e. rohsh dill pickles 

II, Unfermenteil dill pickles mnde direelK from fr«-«li eiieumivers 
a Fresh or p-isteuriie<l diU piekhs 
h leeliorg or rpiarterctl diU pickles 
C' Dill piekics made from salt M«K-k 

a IVoee^wl imitation or rummer dill piekh-* 
b Proof’ll d imitation or rummer Kosher dill pukles 
e. I’.i»t<'ijrir<sl prt>eev"''l iblJ pielJes 

d. I’a^teiirued procewisl Kosher ddl pickles 
11 S^iir pickles 

\ Sour piekles 

a I’lsin sour pickles 
I) Sficisl or hot roiir pickles 
h Mixcil wuir pieklis 
a Mised uii«pieeil 
b Spiersl or hot misisl piekirs 
r Mixe<l r1ltltne^ 
f’ llehsh, elioaeliow, etc. 
a ClioMphou 

' f’.V Utpt of Agnrullurf, .Wire anH Hffulaiory .Innovnerfsentx. fW Itrvy 

.tdrnm , N<, 2, n. v 5. Ncncm»*«-r, rW 

*Foiia>, 1' tV.andH O Samt n, Fmit /’ro>lurt» , 20 (No. 5): 130 (lUll i 

«9 
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ni. Sweet pickles 

A. Plain sweet pickles 

a. Standard sweet pickles 

b. Midget sweet pickles 
c Bnrgherkins 

d. Slices, chips or wafers 

c. Candied chips 

f. Sweet djll pickles 

g. Bread and butter or old-fashioned pickles 
h Peeled pjcklca 

B. Mixed sweet piekles 

a. Plain mixed 

b. Mustard pickles 

c. Jamaica pickles 

C. Relish or chopped sweet pickles 
a. Plain relish 

b Spread relish 

c. India relish 

d. Piccnhlli 

c Fnut relish 

f. Mexican relish 

g. Vegetable relish 


Although almost any cucumbers, free from disease, may be used to 
make pickles, it is customarj' to select certain varieties, such as ® 
Perfection, Chicago Pickling, or Boston Pickling, uhich are preferable 
on account of their size, shape, or keeping qualities. 

Preliminary Operations. — The har\’OSting, inspection, grading, n 
usually the washing of cucumbers are preliminary steps in t e 
facture of most kinds of pickles. The cucumbers are harves * 
proper stage of maturity, usually when rather small, ^ 

They arc inspected for defects and those unsuitable on accoun o 
ness or other form of deterioration arc discarded, since mo g^o^ ' 
in slight amounts, may produce marked off-flavors in the pjc ^ ^ 

especially if it is of the “bn^ad-and-butter type," aad decen.po.e 

cucumbers may infect pickling tanks. r .he number required 

Cucumbers may bo graded for sire on the basis o ..mbers tkey 

to fill a «-gal. cask. For example, if the cask hoWs 800 oucurabers, 
arc classed as large; if 1,200, medium; and if 3,0 , sma _ jt is 

Although cucumbers are not always washed pnor ^ uofer- 

essential to clean thoroughly those used in the .jg jq joosen- 

raented pickles. Soaking of the cucumbers in c ean ^ ^ generally 

ing the soil Thorough washing removes any adhenng dirt 
reduces the number of microoi^amsms. , t nr dill pickles are 

Cucumbers used for the production of sa t s oo 
' JoMEs, I D , and J. L. Etchew.s, Pffod Ms ,i5(ND )• 
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placed in special vats and covered with brine. The vats, which are 
usually constructed of cj'press, fir, pine, or redwood, arc generally 6 to S 
ft. in depth and up to 1C ft. in diameter, and hold from 85 to 1,G00 or more 
bushels of cucumbers. They are usuallj’ located in the open but may be 
erected in buildings. Tliey must be thoroughly cleaned before use; and 
they may be soaked, prior to washing, cither in water containing a mini* 
mum of 50 p.p m of chlormo or in some other suitable germicide which 
will not impart odor, color, or tovicity to the tank or cucumbers. A 
false top IS placed over the cuciimliers and the bnne is added until the 
former is submerged. 

Salting. — There arc in general two methods for adding brine to 
cucumbers, although there arc many vari-itiona of tlip'sc methods, and 
although pickles may be drj* salted. In one method, a low-'.^ilt curing 
process, the cucumbers arc added to a tank partially filled with brine, 
which gives a salinomctcr reading (refer to page 457) of 30® (nearly S per 
cent &o<lium chloride). This concentration of mU is considered to be the 
lowest that can bo used with safety under ordmarj' conditions Salt is 
then added m the proportion of 9 lb for c.ich 100 lb. of cucumbers in the 
tank. Thereafter sufTicicnt salt is addc<l to raise the brine 3® salinomctcr 
each week until a final reading of CO® (15 0 per cent) is obtained. Fcr* 
mentation and curing are rapi<l by this mciliotl, but there is greater danger 
of undesirable bacteria predominating iiml the pickle.** are not likely to be 
so firm as when a higher initial concentration of salt is U'vcd. 

In the second procedure, a brine containing lO.C jicr cent salt (10® 
salinomctcr) is used The ciieumlicrs arc placed in the lirine, and s,alt 
is addcil in the proportion of 9 lb ivr 100 lb. of cucumbers. The •vilt 
roncenlration of the brine is mcroase<l 2* sahnometer each week until it 
reaelies 50* ami tlicreaftof 1* each week until n final reading of 00® 
salinoincier is obtained I'crmcntation and curing by this proretliirc are 
slower, but there is less danger of spoihigc IJTX’s of mieroorganNins 
predominating, and the pickles arc firmer than by the low-«.alt euring 
mclluHl This procedure is especially de-irable where temperatures are 
likely to Ik? relati\ely high, ns in the South It is also ndvanlngeous in 
cold regions where the higher initi.*!! concentration of salt prevents 
freezing of the contents of the tank. 

It is essential that very hanl waters should not l»e usetl for pickle 
hrines The sdt should Ik* of a high qu.ility and should contain te-s 
than 1 per cent of sodium, calcium, or fn-ngne«mm earbon.ntcs or hir.nrhon* 
atc«, for these s-'dt.s will neutralize the acid prmlured by the lactic ncid- 
prodiiring bartena and fa\«ir the development of prnleolytir 

It IS the pnirtice with H»me pieklers to n«l<l st.arters from aeiivrlj 
fermenting tanks nr other rontniners Such starters rcmtnm arid* 
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pro<hjclng bacteria of a desirable type. These bacteria are accustomed 
to higii concentrations of salt and under such circumstances the acidity 
of the brine will increase rapidly. Since cucumbers contain less sugar 
than sauerkraut and often possess more mixed of microorganisms, 
the use of a starter is frequently highly desirable. Sugar to the extent 
of approximately 1 per cent may Iw added to favor desirable fermenta- 
tion, especially if the pickles arc de/icie«t in .•'Ugar, according to LeTevre 
Once the tank has been fillc^l, the curing and fermentation should be 
carefully controlled. The pickles should be kept well covered by brine 
at ad times by (he use of false covers or heads, whichare/asfenedinplace. 
The strength of the brine should Ikj checked daily. After a tank has 
been filled and salt has boon added, It is usually desirable to pump the 
brine from the bottom of the tank to the top in order to insure a uniform 
concentration of t!\c brine. ^Vny scum, containing yeasts or molds, 
that forms on the surface of the brine should be removed periodically 


to prevent consumption of (he acids formed by fermentation. 

Influence of Salt. — Cucumbers contain nbout 90 per cent of water. 
WJjcn cucumbens arc in a tank surrounded by soh in the form of brine, 
they lose water by* osmosis. Dissolved in the water arc sugar, soluble 
proteins, minerals, and other substances, wliich are used as food by the 
lactic acid bacteria and any other microorganisms present, provided the 
conditions arc favorable. 

The brine is diluted and wc.akencd ns the result of the water bemg 
withdrawn from the cucumbers. At the same time some of the sa t 
absorbed by the cucumbers. Under these circumstances the sat con 
centration of the brine maj' become so reduced that spoilage ty^ o 
bacteria may grow and pcrluaps predominate unless more salt is a 
maintain a fairly high concentration of the brine. , 

Fabian and his associates’ stud^'ing the influence of salt on ac e 
activity in the cucumber fermentation found that the bactena pres ^ 
during the first 24 hr. were largely peptonizers, After tbs peno 
was a gradual diminution in the numbers of bacteria un i , 

reached 50® salinomoter. The numbers then became air y . 
The peptonizers were gradually replaced by the 

They died out more rapidly in 40® brine than in 30 “ bnne, 
number of acid-producing bacteria was greater and reac 
mum” quicker in the 30® brine than in the 40® brine. # jnfiuenced 

The curing and fermentation of cucumbers, a process of the 

by the salt concentration of the brine, the temperature, require 

cucumbers, and the control of the scums (molds, yeas , 

^ Fxnix., F. W., C. S. BnrxN. and J. L. EnniKUS, 

Sitt,, Tech. Bull. 12G, November, 1932. 
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G to 9 weeks. During the process, the flavor, texture, and color of the 
cucumbers change. The cucumbers are converted from a pale green to 
an olive or dark green in color. The color change extends throughout 
the pickle. Thus, if the pickle is opaque or white intcrnalli', it is not 
properly cured. Lactic acid bacteria arc responsible for these changes, 
while salt is the most important factor in controlling the fermentation. 



KlchrU$. Food ItvU . 16 (So. 1)- W-Oi (1013) | 

Salt tends to prcbcivc the chlorophyll ami «ithvr ctm^liiuenla of the 
pickle. 

Changes during the Cucumber Fermentation.— Complex phv'ncal, 
l)iochemical and nucrobiologiral clmngr-* Isikc place dunng the frrmenta* 
tion of rupumljcrx Some of the change^ taking pl.acc has o already l)ot‘n 
jjidicntfMl; othcrii are dc«(’nl)ed in the following scetions. 

htochemical Chn7igfg —Titc phjviral and ehrmirni changes inking 
place in the cucumber fermentations has'c l>een dc^enlKsl by Jones nnd 
Ikeliells « ’Hie fermentations ob’^rsisl wore ramwl out dunng the 
i-ntnmer months in vats of S.'Vlrti capacity atul of C-ft <liamrter. 
wen- en‘clcsl outdoor, and l«*ealcd m c.aMem North (arotim. 'Hie vats 
were Idlwl with eueumln'r* ami bnne to a depth of 1 ft Ob'*<T\'.attons 
were made in rc-jns-t to brine fUgar, arid, pit, and ga«es. Ilgnro G^.t 
* J'lNM Rn,l r.Tcm ur, nt 
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DAYS EUf^lU 

Fio 60 — Fermentatirtn trends in 40 nnd ^ brines. | 

1. D. Jonea, Food Inds , 16 (No 2 ) : M-SO (1943)0 ^ ^ ^ 

cerning the ojicrobiological popuUtions of 

salinities. Counts of microorganisms arc plo ^ ccrW‘” 

investiaatioBS. EtohoDs and J™® 


As a resviH of their investigations, litcno usually occurs in 

conclusions. The fermentation by the Aerobac erg jp 

the GO'* brines, gas evolution being wgorous; J ^ > ^qo i,rine. 
the 40° brine; and it is brief in duration if it js altrih^^*^ 

relatively weak Aerobacler fermentation in t e 
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the rapid growth of the acid-formers which inhibit the development of tl\c 
gas-producing bacteria. The acid-formers grow best in the 20® brine and 
poorest in the GO® brine. The combination of acid and salt appears to 
restrict the activities of this group. Active yeast fermentation takes 
place at all of the brine concentrations. 

The influence of adding sugar to brines has been studied by Vcldhms 
and his associates,* They found that the addition of sugar to brines at 
the beginning of or during active fermentation resulted in an increase in 
the number of acid-formcrs, but if sugar were added toward-s the end of 
active fermentation, it produced no appreciable change. The addition of 
sugar to brine increased also the number of yeasts and the amount of gas 
evolved.* 

A Rummarj’ of information concerning the general relationships in 
fermentations due to species of .Icroliactcr, acul-forming bacteria, and 
yeasts in the 20, 40, and 00® brines is presented in the follouing t.able 
prepared by Ktchclls and Jones * 
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Fab,an,I!:dJor: “ '‘“'•ied by ache», 

f Scum.— Scam fonnation is caused commonly by fflm- 
rmmg j easts (mycoderma), although molds may occasionally appear in 
scum on the surface of bnue unless proper Caro is evercised. The orpm- 
isms in the scum utilize the acid produced by the acid-formers and sugars, 
produce ofT-odors, and result in the production of inferior products. 

V ats are usually erected outdoors, since scums arc less likely to form 
when tile surface of the bnne is c.vposcd to the action of sunlight Hmi- 
ever, such a location is not always advantageous, for rain may dilute the 
brine and dust ma}' be a problem. 

Some investigators have endcavorc<l to control scum formation 
through the use of ultraviolet light. Rahn* found that the irradiation of 
the brine for 30 min. each day with ultrnnolct light (from an Uviac 
lamp) at a distance of 0 ft. from the surface prevented the formation of 
scum. Fabian and Brj'an* used a Cooper-Hewitt mercury-^'apor ultra- 
violet lamp to irradiate mycoderma. They found that there was con- 
siderable variation in resistance to u!tra\'iolet light exhibited by different 
strains of mycoderma, that j'oung cultures were more resistant than old 
ones, and that it W’as difficult to dcstroj' mj’coderma n'hen the scum was 
thick. 

Etchells and Veldhuis® attempted to control the growth of raycodenaa 
by the use of mineral oil. They discovered that the culture of myco- j 

derma used by them was able to groiv under a layer of the oil and utilired j 

acid and de.Ntrose from the brine. However, it appeared that the use of a 
light mineral oil resulted in a somewhat slower rate of the disappearance 
of the brine acid 

Fabian^ has demonstrated that scum formation on the surface of 
genuine dill pickle brine may be prevented by the addition of a few drops 
of mustard oil or by covering the surface with paper or some other suita c 

' Etchells, J. L , Food Research, 6 (No. t ): 95 (1941) . 

*Jqnes,I D,M K. Veldiivis, j. L, iJrcHELLS, and 0. Veerhoff, Foixi 

B (No 5)- 533 (1940). , 

» Etchells, L J , F. tV. Fabmw, and 1, D. Jones, iftek Sick Call Asn ^ i 
Sia, Tech Bull 200, June, 1945. 

* Rahn, O , Conner, pp. 43-43 (July, 1931). 

*Fabian, F. tV.andC S Bryan, Jowr., 11: 134 (193-^ , 

" Etchells, J. L , and 11 K. VEUHluis-FrwUFredwds ' 

280 (1939) 

’ F ABiAN, F tv , Fnnt Products Jour , 19: 244 (1940>. 
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material that has been previously impregnated with mustard oil. Later 
Blum and Fabian* studied the effect of 32 spice essential oils and seven 
components on the control of microbial surface growth. They found 
that oil of mustard was superior to the rest, after which followed cinna- 
mon, cassia, and cloves. 

Processing. — The amount of salt removed depends upon the use that 
is to be made of the pickles Unless thej' are used as salt pickles, a largo 
part, but not all, of the salt is removed. 

The salt pickles arc placed in tanks equipped with a supply of steam. 
The temperature is raised to 120°F. (49“C.), or above, and the pickles 
agitated by means of paddles or compressed air. The water may be 
changed and the process repeated until the desired salt eontent is obtained 
Grading. — Pieklcs arc sorted in order to meet the varied demands of 
the consumer. They may bo graded for shape and size. Straight 
pickles constitute the highest grades; the nubs and crooked ones, a lower 
grade, while broken and poorly shaped pickles may bo used in the produc- 
tion of sweet relish or chowchow. 

Pickles 2 to 3 in in length are classified as small pickles and arc used 
for bottling and sweet pickles Medium-sized pickles, those 3 to 4 in. 
long, arc used in making dill or sweet pickles, while large pickles, 4 in. 
or more in length, arc used principally for sour pickles 

Preparation of Pickles.— -Although there is a large numlx'r of pickle 
products, only a few of them will l>e divcus«c<i here The interested 
reader is referred for further details to the piibIic.ations listed at the end of 
the chapter or to works on Food Tcchnologj*. 

Sail ptcUcs, “immature cucumlicrs pre'er\*c<l m a solution of common 
salt, with or w ithout spices,’’* m.ay be converted into sour pickles, sweet 
pickles, mi\cd pickles, or other pickle product.^. 

Sour piclJcs arc made from salt pickles that have liecn proces-sed, 
drnincil. and covered with vinegar. A 4^ to oO-grain vinegar, ilislille*! 
%Tncgar lieing preferred usually, is nddeil to cover Iho pickles ^^^len 
verj' sour pickles arc de.sircd, it is customary to add a 10- to 15-grain 
^^ncgar first and after a few days to replace it with tlie de.'-irtsl strength 
of vinegar, which may l>e a.s high ns GO to 75 gruns 

Gcnuuir dill pickles pos.scss a fine flavor that is the result of aging niul 
of biochemical changes brought about by mieroorganisms (pnnripally 
b.scteria) during fermentatum, os well a.s the u^ of dill leaves (.Inr/Aum 
prmfofcns) to give the characteristic fl.avor. 

‘ ill CM. 11. n , nnd F W . Fabuv, FruH rroduH$ Jour . 22 (No. 1 1 1 3?c,-37*. .117 
( 1013 ) 

• t‘ .C lirpt Frmer an4 Ht^IaSary AnnounrrrvuU.Fmt llruy 1(t*nirt.No 2. 
I{r\ 5, No%cnit«rr. 1030 
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The method for preparing dill pickles differs from that of prepar- 
ing salt pickles in t^vo important Tespects: a weaker brine is used, and 
spices are added to the cucumbers. The spices do not interfere with the 
normal fermentation, but the salt concentration of the brine is low enough 
to permit the growth of undesirable microorganisms, hence special 
precautions should be observed in the manufacture of dill pickles. 

Dill pickles are usually prepared in barrels that have been care/ully 
cleaned and sometimes paraffined. Part of the dill (green, dr)’, or 
brined) and the other spices are placed at the bottom of the barrel. 
Cucumbers are added and the rest of the spice distributed evenly at the 
middle and top of the barrel. The barrel may or may not be headed, 
brine is added, and the barrel incubated at a temperature of around 70T. 


(21.1‘’C.). 

The addition of sugar, 2 lb. per barrel, favorsdhe early development 
of bacteria. Sufficient rnnegar or acetic acid to bring the pH to 4.0 is 
desirable, while the addition of a starter is advocated. 

One formula for dill pickles calls for the use of J lb. of the following 
mi.vture in a 45-gal. barrel; 4 Ib. of whole allspice, 2 lb. of coriander or 
mustard seed, 2 Ib. of black pepper, and 1 Ib. of bay leaves. 
to 8 lb. of green or brined dill, or 3 to 4 lb. of dried dill, are added fot c 
same barrel, while a 7 to 8 per cent brine is commonly used. ^ 

In the dilUpickle fermentation, Gram^posit'ivo cocci preaorawa e 
at the beginning. Short rods, the majority of uhich are Gram-^si n’t. 
replace the cocci. Toward the end of the fermentation, long r s 
dominate, the majority of these being Gram-positive. In approxjma c , 
8 to lO days after the start of the fermentation the strong-acid*pro ue 


bacteria are at a maximum. , . , 

Imitation dill pickles may be prepared from salt pic'cs ® .y 
been processed, soured, drained, and placed in tight ,3 

other spices, vinegar, and brine. The acid of imitation | nninh’ 
principally acetic acid, while in genuine dill pickles t e aci 


Sweet pickles are “pickled cucumbers or ouie« „„if njeUe^ 

Avith sugar and/or dextrose.”* They may be prepare 4 to 


other vegetables s;voc!cn^ 


that have been soured and drained, a suup « — . container, 

10 Ib. of sugar in 1 gal. of \dnegar. The pickles are p aw ^ 

and one-half their Aveigbt of sirup is poured over i . *,.,-c!vinvcr(c<l 
usually added. At the end of 2 to 4 months, the sugar i 
and the pickles hai'C become darker green in color, 

> Fabian, F. W., and L. 3. WickebiW”, 

Bull 140, July, 1035. ^ ^ Ar^nouncemenU, F<^ 

*U^. Dept, of Agriculture, Service and ^ 


) is made by dis.<?ol\inR 


Adrmn , Js'o. 2, Rev, 5, Novemter, 1936. 
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Wadsworth and Fabian* have discussed the use of lactic acid in com- 
bination ith acetic acid in the finishing of sweet pickles, processed dill 
pickles, and pickle products. Ratios of lactic acid to acetic acid of 1:4 
(0.4 per cent of lactic acid, as acetic acid, to 1.6 per cent acetic acid), 
or 1 :9 produced the best results. 

The influence of sugar and acid on flavors in pickles was determined by 
a panel of about 200 people in a study made by Switzer and Fabian.* 
There was a slight preference for a combination of 75 per cent sucrose and 
25 per cent dextrose, rather than for sucrose alone, in a 20®n6. sirup of 
20*grain acidity. The tasters m general were more sensitive to slight 
increases in the acidity than they were to slight decreases in the sweetnc.ss. 

Mixed pickles consist of two or more vegetables in the same container 
—cucumbers, cauliflower, green pepper^ onions, beans, or green tomatoes 
being common vcgctablee used in the manufacture of mixed pickles. 

Kosher dills arc dill pKskles containing garlic as an important spice. 

lircad-and'bultcr PieUcs\-CuciyuhcTS of 1,200 to 1,S00 count* (and 
usually onions) are soaked inH* 2 t>”de water, washed in a rotaiy washer, 
and sliced. The slices are placed in a lank that lias been thoroughly 
cleaned, covered with a bnne of 2.> to SOValinometer, and permitted to 
stand overnight (about 12 hr ). Tlic slices are placed in 12 5- or 25-oz or 
other types of glass jars, each containing mustard and celery seed. A hot 
(ICO to 170®F.) spiced sirup is poured over the slices and the gla«s jars arc 
scaled. The pickles are pastcunzo<l at 105*F for 15 min or at lOO^F. for 
20 min. and then cooled promptly. 

Pasteurization is c-^-cntial since nenl-formcrs and yoa'^ts dcxelop 
during the lirino treatment* and may sunuve the application of the hot 
Iniuor thus causing spoilage of the pickles 7710 sporeformers, which 
originate from the cucumbers or from the adherent .«oil, bur\'ive pasteur- 
ization, but show little or no incre-aso during storage and are not therefore 
a source of spoilage. Moldy cucuml>crs, regardlevs of the degree, should 
not be U'<><1 for making fredi cucumlicr pickle, since the mold pro<luces 
ofT-flavors. 

Pasteurization of Pickles. — Pickles are pas|eunre<l to prevent unde-ir- 
nble changes in texture ami flavor and spoilage from t.iking place How- 
ever, it is not c-vntial to pa^tcunre nil tji>es of piekle'* Salt stock, for 
example, may keep satisfactorily for Mwenil ye.ars if tlie Imne roncentra- 
tiiin IS maintainfa! at n suflictcntly high level, usually at r>0 to 70'* sali- 
noineler. Sour pickles keep on arroiint of their Miiegar enntent; and 
fiwix't pickle-*. l>eraiw of their combine*! vinegar ami xiigar 

* \\ *ii>>wnnTH, K , an*l F " I /** l» , 11 : 2’2. 521 (PiTi) 

•SMiniR.It (;.nn<ir W Firms. / A«i /n h . 12 i\<. II 3S a‘IIQ> 

* Ktnirujs J l.,iinill! H Oiium. frui* /©-.f . 20 (\o ID-S-'ll 517, 

557 (lOUj 
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microscopic examination of the samples and for the preparation and use of 
difTercntial media. 

The pickles and pickle products listed in the folloning classification, 
reproduced from the article by Etchells and Jones,* are considered in the 
guide presented in Table 94 

I. Cucumber Pickles and Similar Picklc Products 

A. Sail Slock for Cured Ptekle Proilucta 

1 Cucumbers (and onions, peppers, tomatoes, cauliflower, melon rinds, etc ) 

2. Genuine dill pickles (from cucumbers or tomatoes} 

B. Finished Pickle Products from Bnne-evrtd Stock 

1. Sweets 

2. Sours 

3 Mixed 

4. Relishes 

5 Artificial or processed dills 

C. Types of Pasteurized Pickles {Sol Brine-curetl) 

1 Dills (slieed or whole} 

2 Sweets (sliced or whole) 

3 Relishes (mixed vcRetoblc) 

4 Vecetables other than cueurolvers (onions, pepp«*r«. tomatoes, etc ) 

II Rrined and Salted VcRetables for Xomplckle Use 

A Brined 

1 Okra (whole) 

2 Celery (whole) 

3 Sweet ix’pper hulls 

B Dry-snltfd 

1 Com 

2 Lima beans 

3. Peas 

4 Snap beans 

6. Okra (cut) 

C Olerj' (cut) 

The salinometer (or salomcter) is an instniment that is vrrj- useful in 
measuring the aalt concentration of a brine. The aeale on tlic aalinom- 
cter IS divided into 100 ilcgn'cs, the icro gnidiiatinn indicating the 
reading of the in«tnimrnt when placed in ptire water at GO'’!’, anti the 
100® graduation indicating the reailing obt.'iincd in a NituRiteil enlutinn 
of Mvliutn clilonde at 00®!'. (20 It jkt cent Kilt) Ilarh degree reprcKTits 
t-lightly more tlian oniMiuarter of 1 ixt r«*nl (0 20.'; pt«r cent) of kiU. 
Table 9.’) gives a comparison of salt |H*rrentages and the corresponding 
Kilinomctcr readings 

PICKLED GREEN OLIVES 

Urielly, the prcsiuction of piekhsl gn*en *»li\es rnn«ists of selecting 
Mutable Mirietlf'*, ham^sling, grading, treating witli lye, washing with 
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water, brining, and packaging. In order to obtain a high-grade product, 
it is necessary to use considerable care in each of the various operations 

Varielics. — Cruess* lists five varieties of olives that are suitable for 
green pickling. These include the Sevillano, Barouni, Manzanillo, 
Ascolano, and Mission olives, the descending order of their suitability 
being given. 

Harvesting. — The olives should be picked ^vhen full sized but free of 
any pink or red color. Green to partially yellow olives are preferred 
Olives that are straw-yellow to pink in color do not produce the best 
pickled products. 

Grading . — The overripe, bruised, or blemished olivfis are removed 
and, if the olives will not be bruised in the process, they are graded, 
otherwise grading is deferred until after the fermentation. 

Lye Treatment . — -Olives are treated with a dilute Jj'c (sodium or potas- 
sium hydro.\ide) to remove a portion but not all of the bitter principle, 
for some bitterness is desirable for flavor. 

The concentration of lye used depends upon the variety of olive being 
treated. A 1.00 per cent lye, or one slightly less concentrated, is advo- 
cated by Cruess for Sevillano and Ascolano olives, but a 1.7 to 2 per cent 
lyo is advocated for Manzanillo, Barouni, and Mission olives because they 
contain more of the bitter principle. The use of too concentrated lye 
or prolonged treatments will remove all the bitter principle and impair 
the flavor, color, and texture. 

The time required for treating the olives with lye is dependent on ^ 
temperature of the process, the concentration of the alkali, the ® 
the olives, and depth of penetration desired. The temperature o 
lye is generally 70 to 75"F. (21.1 to 23.9'’C.). Lye is 
penetrate one-half way to the pit in Sevillano and 
two-thirds of the way in Manzanillo, Barouni, and Mission 
process usually requires 4 to 6.76 hr., during which time the o ues 


he stirred occasionally, . , f-^jn 

The progress of lye penetration is followed by removing o i 
time to time, slicing them, placing a few drops of pheno p n ^ 
cut surface and observing the pink to red color that m ica e 
to which the lye has penetrated. aDcali. 

Washing. — The lye-treafed olives are ivashed for 

The olives are covered with clean water vhich is a owe perhaps 
2 or 3 min. and then drained off. This process is 3 hr. 

three times, and thereafter the water is changed ^ actual 

Ordinarily about 30 hr. may be required for gj^c of tbc 

time wnll depend on the frequency of clmngingt ’ 

« Cbuess. W. V , Calif. Agr. Sta., Bull. 498, October, 1930. 
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Table 93. — Salt Percestaqls ano Cokaestonding S^usometer Uemjisos 


Salt in Bolulion, j 
per cent 

iSalmometer reading, 
dcgrcci 

Balt in solution, 
per cent 

Salinomcter reading, 
degrees 

0 1 

0 

10 07 

3S 

0 265 

1 

10 6 

40 

0 53 

2 

U 13 

42 

0 795 

3 

11 m 

44 

1 OG 

1 

12 19 

40 

1 325 

1 5 

12 72 

ts 

1 59 

c 

13 25 

50 

1 S.)5 

; 7 

13 76 

52 

2 12 

8 

M 31 

54 

2 3S5 

9 

I 14 (U ' 

56 

2 05 

10 

1 15 3? ! 

1 58 

2 915 

11 

' 15 0 

, CO 

3 tS 

12 

Ifi 43 

C2 

3 <('{5 

1 13 

10 06 

01 

3 71 

1 n 

17 49 

CC 

3 975 

15 

18 02 

08 

4 21 

IG 

!R 5.5 

70 

i 605 

17 

19 08 

72 

4 77 

18 

19 Gl 

74 

5 035 

19 

1 20 14 < 

76 

5 3 

20 

20 07 

78 

.5 605 

21 i 

21 2 ' 

80 

6 R3 

22 

21 73 

82 

0 095 

23 1 

22 26 

M 

0 30 

24 1 

22 79 J 

80 

0 G35 

25 

23 32 


fi ^.9 

20 ( 

23 8.5 

W 

7 155 

27 

21 38 

92 

7 42 

2S j 

21 91 

91 

7 0,5 

30 

25 44 

W 

R 4S 

32 1 

25 07 

98 

9 01 

31 f 

20 5 

lon 

9 M 

1 




olivrs, the (Icptli of ix-netrutioii »»f the l>c in the oUac-*. nn«l the rDtirenim- 
tion of tlie l\e 

One lioen not expect to remove nil the lye from all the oIiach chinny 
waMunc Wlicn T.'i to 80 per cent of the oUxex ehon no pmk or ml rolor 
with phcnolphthalem when tfitn indirntor apphetl to tiie cut furfaer, 
a •ati-factorA’ removal of l>e l»elie\r»l to have taketi pUre 

fVmratnhnn — Tor linntnR ntnl fvrmentnttfm the »houlil In* 

place*! in <«ak Vnirel* A It* f.alinomrtrr til tV* j»er rent »nU) hrine 
aihhxl nt once to ManianiUn Iharoiini. or Mmion oh\«-- S<*\iU.nno 
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and Ascolano olives will shrivel if a concentrated brine is used. Hence 
Crucss advocates adding a 20® brine to the olives and increasing the con- 
centration by 5® at 2-day inten'als until the concentration remains fairly 
constant at 28 to 30® salinometer. A final concentration of less than 27® 
salinoraeter is considered dangerous, for gas tends to form in the olives, 
likewise spoilage, including softening, increases. The use of a brine more 
concentrated than 32° produces olives that are too salty in flavor. 

The addition of 3 lb. of de.vtrose, dissolv'ed in the brine, to a 50-gal. 
barrel increases the acidity of Manzanillo and Mission olives. Sugar 
should not be added to the other varieties during the fall of the year. 

Starters may be added along with the brine, for during the lye treat- 
ment a large part of the lactic acid anti other bacteria are destroyed. 
Cruess,^ experimenting with a number of lactobacilli grovTi in filtered 
and sterilized tomato juice, advocates the addition of starters containing 
pure cultures to green oliv'es. He found Lactobacillus pentosus (probably 
a sjTionym of L. plantarumY to be most desirable, for oli^’cs inoculated 
with this organism possessed a bettor flavor and higher acidity than 
uninoculated controls. L. penloacclicus (probably a symon^Tn of L 
brevhy likewise gave fairly good results. The brine from olives that are 
normal in flavor and odor may be used as a starter. Such brine should 
contain the fewest possible number of film yeast or mold spores, othcn'ise 
its use may cause much more harm than good. 

Acidification of the brine with a small amount of vinegar or wc ic 
acid has proved of value in improving the quality of the pickled o nw 

Care during Fermentation. — Barrels containing the olives are com 
monly placed in the sun to ferment, although they may be incubate a ^ 
temperature of 70 to 80®F. (21.1 to 2G.7°C.). Brine or salt js adcw 
several times a week for the first 3 or 4 weeks and thereafter a ou 
a week to maintain a concentration of 28° salinometer and to , 

barrel full. Unless the barrel is kept filled and sealed, film 
molds will develop and utilize the acid produced during 

Since the flavor and keeping qualities of the olives depen m ^*Vjof(be 

on the acidity of the brine, the necessity for preventing the grow 


yeast film and molds is evident. . 

Sugar may be added to the brine if the acidity fails to locrea 


to 0.9 g. 


or greater per 100 cc. . „ the flesh has 

Packaging. — The olives arc packaged m glass jars j ..jgped, and 
lost its “chalky-white'’ color, a characteristic flavor as ihcjaf^ 

the acidity is equivalent to 0.9 g. per 100 cc,, or greater. 


' Cepess, W V., Frutl Products Jour., 17; I2 (1937).^^ mUiairs * 

*"Bergey’s Manual of Determinatiw Bacteriology, ' 

Wilkins Company, Baltimore, 1948. 
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are filled with olives, water is added to rinse an ay any sediments. The 
jars are, after draining, filled then with a 30" salinometcr brine, and lactic 
acid may be added if the original brine contained less than 0 5 g. of acid 
per 100 cc. Sealing is ofTected, with or without the use of vacuum. 
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SOME LACTIC ACID BACTERU AND SOME FERMENTEP 
MILK PRODUCTS 


Lactobacillus acidophilus. — L. acidophilus has become important in 
the therapy of ^’arious disorders of the gastrointestinal tract, such as 
constipation, on account of the fact that its successful implantation in 
the intestines may often relieve tlie symptoms associated with some of 
these disorders. \Vhcn the flora of the intestines is largely putrefacti'O 
in nature certain symptoms, such as headaches, may appear. The pro* 
dominance of L. acidophilus in the intestines, along wth lactic acid, which 
it produces, reduces or inhibits the development of the putrefactive tj'^a 
It must be emphasized however that, whereas the implantation of ■ 
acidophilus has produced verj' definite relief in certain cases, it is no 
cure-all. Successful therapy depends upon careful attention to ce am 
essential details, which will be discussed later. ^ 

Description of Organism. — L. acidophdns is a member of the . 

genus, Lactobacillus. The bacteria occur as rather slender ro ^ ® 

0 0 to 0.9 by 1.5 to G singly, in pairs, or in short chams. it » 
positive in young cultures but may show Gram-negatjvc prms 
cultures. It is nonsporeforming, nonmotiJe, microaerop « ® 

tant of the intestines of animals, especially herbivores, an »a 
mum temperature of 37‘’C. It produces acid from ga ac o , 
lactose, le^nilose, maltose, mannose, and sucrose. Some s t 
rafSnose and trehalose, and occasionally de.xtrin. nndovhiluf, 

There are two main types of the intestinal strain ° ‘ and 

although intermediate varieties exist. One produces ro .v 
is referred to as the X or R type, while the other pro 
and is recognized as the 1” or S type. Althoug ^ s 
dissociated to S strains, the reverse proc<‘dure is ^erj 
ble to achieve. . is of proved 

The strain of L. acidophilus that produces roug ^orjnal huroac 
therapeutic \’alue and occurs more ^ cultures fo^ 

intestines, hence this strain is used commercia } m 

‘'■Bergey’s Manual of Dctermiaatn-o Bactcriowg} > 

Wilkins Company, BalOmore, iWS 
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Frequent isolation of the organism from the human intestinal tract 
favors an active culture that may lx* implanted readily under favorable 
conditions. 

Com/jttons A'cccssary/or Ivi-plantatxon — In orcier to implant L. addo- 
phtlus^ it is e.s.'-ential to select a strain that mil develop m the human 
intestines Likouiso the organism should be able to mnltipl}' rapidly in 
favorable carbohydrate media and prorlucc a fine coapuUim in milk. 

Implantation ia favored by the ingestion of vciy large numhers of the 
organism Wien acidophilus milk is used, the dosage recommended is 
about 1 ,000 cc. per day. Since the milk must contain at least 100 million 
\mble bacteria per cubic centimeter at the expiration date, it is evident 
that enormous numbers arc consumwh 

A second very important factor In successful implantation is the 
administration of con.'iidcrabic amounts of lactose or dextrin at the time 
the culture is taken. The use of at least 100 g. of lactos; or dextrin daily 
IS advocated, especially if a culture or concentrate of L. ondop/ulus is 
UMid rather than milk Jtilk, of course, contains lactose as a normal 
constituent. 

L. acidophilus Preparations. — Acidophilus milk is pcrliaps the most 
common and prcforahle preparation. Ilroth cultures and concentrates 
of the organism in c.andy form or combined «ilh yc.a.*t have appeared 
on the market, but arc lcs.s citeclivo 

Acidophilus MUk. — Acidophilus milk is prepanxl by inoculating steri- 
lised, fresh whole milk, or partially skimmwl milk, witii a pure culture 
of a selcctoil strain of L acidophxtu*. llic milk Is steriliie<i at I20*C. for 
t.'i nun or at lower temperatures for longer iktIoiIs of time It is impor- 
tant not to injure the flavor, compo-ilmn, or apfiearance of tlie milk by 
overlrcatmg it with beat Pasteurization of milk is not Esitisfucloiy, for 
tin* tyjK"» of bacteria that surxnvc pasteurization develop nipidly at tlio 
inciibation temjicralurc of L. <ieif/oj>Aifu« (3.“> to 37®C.) and may pre- 
ilommatc The iiu»culatc<l milk is ineubateii for 20 to IS hr at S."* to 
37®(’ until n eh.'irarteri-'tic product obt.aine<l. Vsii.'ill}- the fermrnta- 
lion js jiermitteil to proeeeil until n defiiute nehlity i*! pnxhiriil, Some 
inamifacturers’ coiishIit the fermentation complete when 8 to 10 rc. of 
N/IO so<hiim hydroxide solution art' rinpiinxl to neutralize a 10-ee. 
isirtion of tile milk when phenolphthalem is U'^i na the Imlirntor. 
The laclic arid prewnt in a well-npenetl milk is u^ii.TlIy 0 0.7 to 07.7 
IS r «i'iit 

'Hie tmal prcxhirt fliouhl l>e slightU •uiur m fi-xxor .and rhould 
an (slor n-s-mbiuig Imlternulk In onirr to imjiroxe tlie ron«i'teiiry, 
tiie pnslutl IS uMi'vlIy hniruntemze*! It is then iKittlMl and ^t^)mi at a 

' "Vrw unit Niinnf^in»l tmrtir«h XtF.li.-a! Xu.pFtalHin, I'rTT. 
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then bottled and stored at relatively loir temperatures to prevent 
increases in acidity and undesirable changes in lla\’or or consistency, 

Kefir is a fermented milk product that originated in the Caucasus 
iMountams. It is extensively used as a food by the natives of that region 
It is prepared by inoculating the milk of marcs, goats, ewes, or cows ui'th 
small convoluted masses of “seed,” knouti as kefir grains. These grains 
resemble to some e.vtcnt miniature caulifloivers and may bo dried and 
proserv'cd. Kefir grains usually contain Laclohadllus cosei, stroptococci, 
and a lactosc-fcrmonling yeast, Saccharomyccs kefir, besides other micro- 
organisms. Since tlie fermentation is usually carried out in goatsb’B 
bags or closed glass bottles, the product becomes elTerv'esccnt, owing to 
the evolution of gas Lactic acid and alcohol are tivo important kmen- 
tation products. 

Ivefir has also been known as kefyr, kephir, and kephyr. 

A product closely related to the original kefir is made by adding 
sucrose (.about 4 per cent) and a culture of yeast to buttermilk in a 
covered glass bottle. It is incubated at 70T. (2L1"C.) until a desirable 
end point is reached and is then cooled to stop the growth of the organisms. 

Directions for making Kefir fermented milks hav'c been prepared by 
Burkey (1947), of the Bureau of Dairy Industry, U.S. Department of 
Agriculture. 

Yoghurt is a fermented milk product used by Bulgarian tribes. It 
is primarily a soured milk but occasionally may contain some alcobo. 
Lactobacillus bulgancus is the dominating organism found in yoghurt, 
although it is the product of a mixed flora of microorganisms. 

Mctchnikoff, who was amazed at the longevity of the tribes that u 
yoghurt regularly, studied this fermentation and publicized an accoun 
of it in his book, “The Prolongation of Life.” 

Yoghurt is likewise known as yogurt, yoghourl, yahourth, yo > 


Kumiss is a fermented milk product that originated in a 
tribe, known as Kumancs, livnng near the Kama alcohol- 

prepared from mare's or corves milk and contains lactic ^^nrdin? to 

The fermentation, brought about by a nii.xed flora, in i lactose* 

Rogers,* lactic streptococci, lactobacilli of the L. casei type, gj.jp 

fermenting yeast are the predominating organisms, is ^ Ja a 

or leathern bags or in open vessels. If the feimenta Jon 
closed container an effervescent product is obtaine , ow 


tion of the gas evolved. koumiss. 

Kumiss IS sometimes known ae kumyss, kumys,^ 

J Rogeks, L. a (associates of), “PundamentalsOfCairy Science, 

Publishing Corporation, New York, 1935 
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Lfhen is a fermented product made usually from cow’s, goat’s, or buf- 
falo’s milk. Bacteria and yeasts ferment the milk to produce acid and 
alcohol. Although this product has been native to EgjTit for hundreds 
of years, where it is known as /eben or kben rail), it is used in SjTia, 
Sardinia, Algeria, and in other regions. 

Refereoces on LoctobociUus Addopl^us 

American Medical As.«oeia(iQn‘ "Xew and Xonoflieiai Remwltcs,” ChieaRo, 1537. 
I'nosT, \V. I) , and II nANKis«o\. “Laetoliaeillus Acidophilus, .tn .\nnotated 
Itd'liopraphy to 1931,” Davis-Crecnc t'orporation, tVi«eon«m, 1931. 

Korrixur, L M., J. I*. KTrH».tLa, and N. KopELorr: IlaetcnoJoRieal Changes in 
Acidophilus Milk at lloom and Icebox Temperatures, /our. Bocl , 28; 489-500 
(1934). 

anil N. Korr.ixiTr; Optical Actixnty of lActie Acid Produeetl by nctdop^ilu* 

and It. bulgnr\c\i», Jour. Bad , 33: 331-331 (1937) 

Korruopp, N ; ‘‘lactobaciHus Acidophilus,” The Williams A Wilkins Company, 
llaltimorp, 192G. 

! DivvKiation and Fdtration of //ocfetoeiWus AmhphluM, Jour. Infediou* 

Ihttfttet, 65: 3GV379 (1934). 

•• Acidophilus Milk Thcrapj, Psycbial. Qunrl , 9: 20 (103.5). 

1.4>M)s«onT)i, L (i., and B. MacIssfs* HactenaJ Growth with Automatic pll 
(Vmtfol, Jour. Bad , 29: .'19*) tlOS-l) 

ftnd ' ■ ■ ; Hactcnsl Growth at Constant pH, Jour. Bnrt , Si: 287 {103(>). 

UiTT«iiK,h F,N1 K.Le>'T,1. Weisstiiv. and J K Wns.s. “Ivictobaollui Acido- 
philus and Its Tlicrapi'utic Application,” Yale Cmvcrsitv rri-ws, \’cw Haicn, 
193V 


References oa Fermcoted Milks 

III nxr, A n : ‘‘rrsctical Manufacture of ('uUureiJ Milks and Kindml I'frxluela,” 
The Olsen Ihib Co., Milwaukee, 1038 

ill iiKPT. I. A CuUuretl Huttermilk, IlDIM-Inf-H, Bur. Dairy In'lutiry, C.S 
Ayr , AiiKUst, 1914 

— — : llulxarnn and Acidophilus CiiUure«l Milks. HDlM-lnf-lO, Itur Poiry fn>fut. 
try, VS ftrpl Apr , Sepiomlier, 1011 

llireelions for Making Kefir Feroimte^l Milks, lllJlM-Inf-AS, flur. fXiiry 

/n»(ui{ry, I'J? Dff't Apr, 1017. 

How m Make Yoghurt, liniM-Inf-2, Pur f*nry Jndujfry, f ’ .s’ Dtpl Ayr, 
K<i>eml>er, 1013. 

WKir-s. (’ H.W 14 Cowas, andll Macs “MilVand Milk IWuels.” McGraw- 
Hill IWwik (Vimpsns, inr , New York, 1030 

It auurn. 14 W *' IHiry 14sp;rnoln)tv,” 3>1 e«l , John \\«W A Sms, loc , Nrw York, 
>018 

Mshsiiau, ('. 1'..; *’81irn'lunVogs.’' 1* l4WV.iston’a A r'ompani, lIuLsA-lphia, 
4(F31 

Uist.l a». 1. \ (a"«>ri^le* of) '1 iinAstnrnlals ««f Ilsirs .*^irnre.” ;A r«l , UetnV>lA 
fSil.tisliiiig (’’«iq>oration, Nrw lotk. l*Kt 

Mist>>s. \ 1. , snd K l4 \Nists>s * Tl»r Mnirture and • nf I’cmwIs,” 

Vol in. ••Animal l*fo.5„rU,” John Wilrs ASms. It.r . New York. 10T7 
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Cheese Avas prepared in Asia and in Europe several hundred years, at 
least, before the birth of Christ. A study of the origin of some of the 
many different types of cheeses lies outside the scope of this tavt, but the 
interested reader -will derive considerable enjoyment and add tohisJcDO'd- 
edge by perusing the historj’^ of cheese making. 

Definition. — Cheese, according to the definition and standards of the 
Food and Drug Administration of the U.S. Department of Agriculture,' 
is: 


... the product made from the separated curd obtained by coagulating t e 
casein of milk, skimmed milk, or milk enriched n-itli cream. The coagulation » 
accomplished by means of rennet or other suitable enzyme, lactic fermentatw^i 
or by a combination of the two. The curd may be modified by heat, pressu , 
ripening ferments, special molds, or suitable seasoning. 

Tlie name "chceso” un<jua!ified means Cheddar chee«!e (American caw. / 
American Cheddar cheese). 


The Milk. — Milk from owes (sheep), goats, cows, mares, a 
animals has been used for the making of cheeses. Eac o 
contains fats, protein, milk sugar (l.actosc), mineral salts, an 
IS present as an emulsion, but the sugar, minerals, and some o 
are soluble in the water of milk. Casein (the princjpa pro e 
bined with calcium and exists in a colloidal condition. ,,jf of the 

Formation of Curd.— If acid is produced in ® ^ ealciun^aDd 
fermentation of lactose by bacteria, the casein is ree medium, 

no longer appears as fine particles distributed t roug j^rge 

but inLad^es out of «,Iution and eventually accun.ulatee 
lumps of curd or as a continuous mass. ^ colloidal 

Rennet, an enzyme, likewise has the abi J o enzyme, 

condition of casein, causing coiigulation or cur * ^^jactiogthe 
sometimesknown as “rennin,” is obtained 
fourth stomach of the calf where it is principa 3 .gnuet. 

pepsin sometimes sm'es as a successful substi u 0 ^ 2 Uev 6 

' Service and Regulatory Announcements, Food Drug Ad » 
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Whey. — ^^^lcy is the waterj* portion of milk separated from the curd 
during cheese making. The principal constituents of uhey are lacto^c, 
soluble ash, and lactalbumin. A small amount of fat is a normal com- 
ponent of A\hcy also. 

Treatment of Curd. — ^The curd formed in milk through the action 
of rennet, lactic acid, or a combination of the two, may be treated in a 
variety of manners. Mtcr it has settled into a fairly compact jclly-hke 
ma';'«, it is usually cut Into small pieces by special knives to facilitate 
drainage or removal of occluded \\hej'. It may be drained with or with- 
out eventual pressure, depending on the tyiw of chcc'^c being manufac- 
tured The curds of the soft or semisoft cheeses arc pressed ju'st sufli- 
eicntly to remove the excess of whey, while those of the hard cheeses 
may be heated and prc.sscd in a form with weights until the curd forms a 
tirm mat. The curd is treated with v.aiying qimntitics of salt by various 
methods Finallj’ the treated curd is molded into the desired shape and is 
ready for ripening or curing. 

Ripening. — During this process, the flavor, composition, and physic-il 
properties of the chec^ undergo cliango due to the action of character* 
)>lic molds or bactena and their enzjmes. The nature of the ch{inge.s 
depends on the method usoil in trc.ating the curd, the method and 
([uantity of salting, the microorganisms present or added, and the con- 
trol of temperature and relative humidity in the curing rooms, chaml)ors, 
(ir caves. 

Classification.— Cheeses may be cln^rifiod in several manners, on the 
lia'^ts of hanlncNS, as hard, somihanl, and soft chet‘«cs; on the basis of the 
principal niK-ning agents, ns mold or bacterial chcc«es; on the basis of 
the kind of milk from which manufacture*!, ns cow, owe, goat, or other 
milk, on the ba^is of the eountra* of origin, iw Italian, Trench. American, 
and the like; on the ba^is of the mctlioil of coagulation, ns rennet or acid 
ciml cIh'C'O, on the b.i'is of ad<!e<l sub'^tanccs such ns sage; or on the 
bn>-H of the fat content of the milk, ns full cream, whole milk, or skim- 
milk cheo.'K's. 

In Tnhle 00 chec'^'S nre rla.s.-ifieil a.s hanl, wimihnnl, nnd soft reniwl 
rhe<‘'vs, nnd ns lactic ches-^s. Fometiracs Roquefort nnd Stilton ehrsww 
nre cln*>-‘ifietl ns hanl eheesoH nnd Rriek, Hrie, Cameml>rrt, I.imlmrgrr, 
and MQn-ter ns Kjft cher*«es, ratlier th.an as }t<‘mihanl cheeses. Illiie 
rlir<*se, Itrie, CumrmU'rt, Gorgonioha, Roquefort, nnd Sliltou nn* 
chararterireil ns mold chee*«cs. 

Analyses of Some Varieties of Cheese. — Table 07 cont.ams the 
nvrmce nnnlys^s of ^ome Innelies of chce^ 

Cheddar Cheese. — ('Inxld.'ir clusr-o, n hanl cherv' prepared fnun n hole 
milk by the netion of rennet, originate*! m (licddar, T.ngHnd It i» the 
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Tahle 90 . — A CuiSUtvicxTiQU of Cheeses 


Name of Cliccso j riace of Origin 


Name of Cheese 

Place of Origiii 

Semihard Ronnet Cheeses 

Limburger 

Belgium 

Stilton (mold) 

Stilton, England 

Brie (mold) 

France 

Blue (mold) 

France, Denmark, 
etc. 

Camemhert (mold) . . . 

France 

RtH^ueforl (mold).... 

France 

Mfmslcr 

Near MQnster, 
Germany 

Brick 

United States 

1 Soft Rennet Cheeses 

Port du Salut 

Canada 

Keufchfitel . . 

Fmncc 

Soft hactio Cheeses 


United Stales 

Cream • 


Ilani liennet CJjcesea 


Cheddar . . . 

Cheshire (Cheddar 
type) . . . 
CaciocavalJo . 
Gorgon 2 ola (mold) 


Parmesan 

Pecorino . 

Provolono. 

llegpano.. 

Romano 

Ivdam 

Giedost 

Emmenthalcf 

Gruyfcre (Swiss) 

Pineapple 


Cngland 

Oiester, Englan<( 
Southern Italy 
Italy (near Gor- 
gonzola) 

Italy 

Italy 

Italy 

Italy 

Italy 

Edam, Holland 
Norway 
Switzerland 
Gruyire, Sirilzer-j 
land 

United Slates 


leading cliccse manufactured in the United States and is tndelj made } 

The* milk used for the mamifocturc of ° j 

standardized, ivcighed, .and heated to about 86 F. ( •). 

starter of lactic acid bacteria is added, “’“f “fu ,»■ 

be incorporated also at this time if it is to he use • 
oughlj- nii.vcd, .and when the *]med^i* uater, « 

(appro.vimately 3 oz. for each 1,000 lb. of im >. yyjen 

added. It requires only 20 to dO ram. to eoa^ a tutd, 

coagulation is satisfactorj', demonstrated by a 

leaving a clear whey, the curd is cut by specia curd is 

^ in. square to permit the whey to escape more r ^evd- 

^mvly heated to about 100"F. {37.8'C.). it f™- 

oped in the curd as it is cooked with gent e the desired 

settling. The whey is drained off when the curd has assumea 
texture. . ... j.g burned frequent)) 

The curd is now cut into large pieces, Thistreatmei'^ 

and placed one on top of the other to force ou ‘ 

is known as cheddaring. n.,! ;ntosniallpiercshy-'P"“, 

Cheddared curd is then cut up and mi j 000 . 

machines Salt, at the rate of approjamatcly . 
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curd, is added and carefully mixed irith file curd. The product is cooled 
to 80‘^F. (26,7'’C.), packed in hoops containing cheesecloth linings, and 
pressed for sei'eraJ hours to the desired shape. 

During the ripening process, originally carried out in the Cheddar 
caves and which may require a fexr weeks or several months, the bacteria 
and enzjTncs present bring about characteristic changes in the cheese. 
Lactic acid bacteria, such as Slreplococcus laclis and Ladohacillus cam, 
are especially important in the ripening or curing of the cheddar cheese. 
The bacteria increase enormously, often reaching several hundred 
millions in numbers per gram during the first few weeks, and then 
gradually die off until only a feu* million per gram remain at the end 
of 8 months. 

It is necessarj' to prei'ent molds from grooving on this cheese, for thep 
cause a rapid deterioration of the product. This is done by use of salt 
on the surface 

A jdeld of approximately 1 lb. of cheese is obtained from 10 lb of 
by this process. 

Roquefort Cheese. — Roquefort cheese is a semihard, friable chme 
characterized by a mottled or marbled appearance of the interior, due 
to the presence ot Penictlliuni roqueforii, a blue-grccn mold. This chf«® 
has been known for almost a thousand years, having originated in t c 
south of France. It is made principally from the milk of cues, 
particularly for their high milk-producing abilities. The sheep 
the plateau region of the Cci'cnnes. Their milk is made into c - 
in small factories distributed over this relatively small section o 
France The cheese is transported to the vicinity of Boque or 

ripening . i t not 

In making Roquefort cheese, the curd is drained in ^ i If, 

pressed. It is inoculated at this time with a dried bread p 
mold spores, the inoculum being prepared by grow ing P. roquejor . 
interior of bread in a moist cool place until the bread . 
mass containing a vast number of spores. The bread is rJ 
and ground to a powder, the latter being used as the f ^ 

During ripening, the temperature and jelative ^‘jnpf,rat«rc 

carefully controlled in order to obtain a f qJ the rriahre 

of ripening must not be much higher than tS®F. (8.9 d; pyt jn 

humidity should be high. In France* the ripening ^ 'Water 

natural caves and in artificial ca\'es hewn from t c i timene.'irly 
trickling down through crevices cools the air and at ^ 
saturates it. The flow* of air through the caves is United State', 
obtain the desired temperature and liumidit}- P rd-ati'*' 

Roquefort -type cheese is made in curing rooms la'i 
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humUHtj’ and temperature; in eaves; and, in one instance at least, in a 
mine shaft. 

Holes arc punched into the curd to facilitate the development of (he 
mold throughout the cheese. Although aerobic, P. roqueforti will grow 
with a minimum supply of air. After the mold has developed to the 
desired extent, the clicc.se is nrappc<i in tinfoil and stored at approxi- 
mately •10°F. (-1.44*0 ), at uhich temperature the enzymes of the mold 
are active, hut the mold growth is inhibited. 

The pungent taste of Roquefort is due in p.art to the action of lipa.se, 
a fat-splitting cnz 3 'mc, wliich liberates c.aproic, cnprj-hc, and capric acids 
from the fat. 

Iloqueforl Cheese /rom Cow's — Roquefort cheese ha.s been 

manufactured on a commercial basis from cow's milk since 1918. Roque- 
fort cheese made from cow's milk is, u^u.allj*, of o more yellow color than 
tho cheese made from sheep’s milk. 

Other Cheeses.— flricf descriptions and analyses of many varie- 
ties of choc''e will bo found In UuVeUn fiOS of the V.S Department of 
Agriculture. 

Tor a full di'cussion of the various cb<*c.''e-mak)ng proce&*cs, tho 
reader is referred to (he publications ciie<l in the bibliography at the end 
of the rlinpler 

The U S. Department of Agriculture h.as adopted the following 
defiiutions and slarufarcis for cIk'C'O.* 

WHOLE MtLK CHEESE 

Cheddar Cheese, American Cheese, American Cheddar Cheese. — The 
made by tlie (”hp«lil.ir jirocc*** from he:ito<l and prrvtpil riinl obtainwl by thr 
nclion nf reanct oa whole milk. It contain* not more than 39 f>orcciit of waU-r, 
and, in the wntcr-frer siih^tatire, not Ic^s than M |icr cent of milk f.nt 

Pineapple Cheese. — The chcc~e made Iw the pineapple ('he«lrlir rliee*e 
pmri-'s from prr*‘'0<l ctml ohtame<l by the action of rennet on whole milk. The 
riirtl I* forinol into .a »li.a{)C re-emblinK n pineapple, with chararleri’tir Fiirfaee 
oirmcatiiin*. nnd (hiring the rii*eiiinc intkxI the 01(00*0 j* thnmiighly eoate*! and 
nililied with a Fiiitahle oil, with or without elMllac. Tliefini'liwl chec'e coiit.ain*, 
in the w ater-free Fiilol.anre, not l(~s than .*(0 [icr cent of milk fat. 

Prick Cheese. — Tlie quirk-nj>cncd rlier»e made hv the Imik-chre-e prore^.* 
from pre«''e,l rtml olit.ainrd hy tlie action of rennet on whole milk. It conl.aitii, 
in the « atrr-fre«‘ Fiile.t.anee, not le-* Ih.an .’JO |>er cent of milk fal 

Stilton Cheese. — Tlic rhr»-«e ma«le ha the l*lillnii prtieo** from iinpre*«eil rurij 
olit.airiefl hy the action of mmrt on whole milk, with «r witlnml larhle,] cre-irii 
lliinnc the njietmig porn'" n •|•ecJa^ l>hir-j*rrrn m« 4 <l dexrlnp*. nnd the rhrci. 
thu* acij'iire* a niarhlol or mottled npjioaranee m *rction 

' ViTire /t»v/ f.’r/ufittry Eort tiruj i-iMin , \i» g. tti-v H 

lOV. 
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Gouda Cheese. — TI jo chccsc made by the Gouda proce5? from heated and 
pressed curd obtained by the action of rennet on •n-holo mdk. The rind k colored 
•\vitfi saffron. The finisiied ojicese contains, in the water-free substance, not Jess 
than 45 per cent of milk fat. 

Neufchfltel Cheese. —The cheese made by the Keufchiitel process from 
unheated cunl obtained by the combined action of lactic fermentation and renaeJ 
on u hole mUk. The curd, drained hy graidty and h'gfit pressure, is kneaded or 
worked into a buttcr-Hke consistence and pressed into forms for immediate con- 
sumi)tion or for riponinK. Tlic finished cljcese cont.iins, in the water-free sub- 
.stance, not le.ss than 50 per rent of milk fat. 

Cream Cheese. — The uiin/icncil cheese made by the XeufchStel process from 
whole milk enriched with cre.ain. It contains, in ti»e water-free substance, not 
less than 05 per cent of milk fat. 

Roquefort Cheese. — llie clieese m.adc by the Roquefort proctsi from 
unheated, unpressed curd obtained by the action of rennet on the whole milk of 
shcej), with or without the addition of a small proportion of the miik of goals. 
The curd is inoculated wjth a si>cc>al mold (/’c nioVfttmt and ripens 

the growth of the mold. The fully ripened clicese is friable and has a mottled 
or marhlod appearance in section. , 

Gorgonzola Cheese.— Tfie cheese made by the Gorgoneola process frois cu 
obtained by the .action of rennet on whole milk. The cheese ripens in a rw, 
moist atmospiiorc witli the dc\'clopmcnt of a blue-green mold and thus acquires 
a mottled or marbled appearance in section. 

WHOLE MILK OR SKfM OBSESS 

Edam Cheese. — The choose made by the Edam process 

pressed curd obtained by the action of rennet on whole milk or on par > ® 

milk. It is commonly nwde in spherical form and coated with a su 


and a harmless red coloring matter. , . 

Swiss Cheese. — The cheese made by the Emmenthaler process 
and pressed curd obtainod by the action of rennet on who e mi 
skimmed milk. It is ripenetf by special gas-producing bactena, ^ 
teristic "eyes" or holes. TI>o finished clieese contains, m e wa 

stance, not less than 45 per cent of milk fat. orocess fro® 

Camembert Cheese. — The cheese made by the Camem or on 

unheated, unpre^sed curd obtained by the action of renne 
slightly skimmed milk. It is ripened by the groivth of a specia 
camembcrli) on the outer surface. Tnie finished cheese contains, 

substance, not less than 45 percent of milk fat. 

Brie Cheese. — The cheese made by the Brie pro^ss ro 
curd obtained by the action of rennet on whole nulk, on m mold on 

or on shgbtiy skimmed milk. It is ripened by the grow 
the outer surface. -oroeess from heated 

Parmesan Cheese. — The cheese made by the uattly gkimnied 

and hard-pressed curd obtained by the action of ^ guitable oil.. 

The cheese, during the long ripening process, is coa e 
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Cottage Cheese. — The unripencd chee«e made from heated or unhealed, 
f>eparated curd obtained by the action of lactic fermentation or rennet, or a com- 
bination of the two, on skimmed milk, with or without the ad<lition of buttermilk. 
The drained curd may be enriched with cream, and .salted or otlienvisc sc.isoned. 

t>ASTEtmiZED CHEESE 

Pasteurized Cheese, Pasteurized-blended Cheese. — ^The pasteurized product 
made by comminuting and mixing, with the aid of heat and water, one or more 
lots of cheese into a homogeneous, pkaslie ma«s. The unqualified name “pasteur- 
ized cheese,” “pastcurizcrl-blended ehce«r,” is understood to mean pasteurize*! 
Chedthir chee«c, p-astcurized-blcnded Cheildar cheese, and applies to a product 
which conforms to the standanl for Che<hlar ehee«e. Pastcurizc<l cheese, 
pasteurize<l-hlcnded chcc«c, l)canng a varietal n.amc is made from cheese of the 
variety indic.atc<l by the name and conforms to the limits for fat anfl moisture 
for chcc«e of tlmt variety 


PROCESS CHEESE 

Process Cheese. — The modific*! eheo«e made hy comminuting and mixing 
one or more lots of cliee<e into a homogeneous, pln«tie ma«s, w itli the aid of heat, 
with or without the addition of water, and with the ineor)>omtion of not more than 
S ix*r cent of a suitable emuUtfymg agent Tltcn.ame "process cheese” unqiiall- 
fie<l IS un«lcn»to<Kl to mean process Chc<ldarchee«c, and applies to a pro*!uet which 
contains not more than 40 per cent of water ami, in the wnter-frec Kub«tnnce, 
not less* Ilian f>0 jwr cent of milk fat. Process cbee«e quabfietl by n varietal name 
IS insde from chce«c of the variety imlmited by the name, and conforms to the 
limits for fat and moi«turo for cheese of that \ariety. 

References on Cheeses 
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CHAPTER XXI 

THE PROPIONIC ACID FERMENTATION 


Historical. — In 1811 Nollnor* isolatc<la“l*sK;vido*Es5ipCmrc“ (jj^cxuliv 
flcrtic acid) from the decomposition products of tartaric acid. This 
Kihstance is believed to have been largely propionic ncid (CKiCHiCOOII) 
rilz, m a Fcnes of articles on fermentation, *di«cusscil the morphologv* 
and hiochcmic.al activities of the baeleria producing propionic acid from 
calcium malate and from calcium lactate. 

Orla-slcn'^n* (ISOS) carried out research concerning the formation of 
eyes in Emmenthaler cheese, l^aler von Freudenrcich and Orla-Jcnscn* 
reportc<i the first tlcscription of the isolation of microorganisms wusing 
the propionic neid fermentation They ttiiulietl the propionic acid 
bacteria rather extensively, especially m relation to cheese 

Aa the result of mvcstigations cameil out to discover the reasons nhy 
Emmentiialer chee®c manufactured in the I'niteil Slates was larking In 
eharactcristic flavor and why the eye formalion wasdefjornt or abnormal, 
Sherman and Shaw* pupphed much important information in rcspt'ct to 
1 lie propionic acid barleria , for example, they demon«lmtetl tlie relation* 
ship liotween the propionic acid bacteria and the prodiirtion of a hiRh* 
grade l.mnionthalcr clice«e. Shcrm.an de-crilKxl the U'-e of pure 

euliiires of propionir acid b.acteria, /fnrfcriwm <ic!</i*propio»nnff. to enpure 
llie pro<hicli<m of Emmentiialer eheesr with rliararten«tic ^a^or and with 
normal e>e ilexclopmrnt. This organism did not suppress the growth nf 
undesiridile baeleria, ll«lv^e\Tr t'uUures jMefottanllux (lulgnricut luave 
long ln-en Used in elieeso making to iiilutnt the de\rlopinenl of tin* wrong 
i\ jM's of l> ictetia 

Wliiltier and Sherman* ^tudl^^l the factors nfli'eting t)ie propionir .arnJ 
' \j\u.\ra. f . tnn , 58: 200 (iMi) 

»F«r» S . Htf 131S (lS7f.' 10 270it«.77' ll : |S00 (VSTSi ll.<7t (ls7\ii. 
13 nm'is.sn HitOsinssl it WTiIVKJi W.RU (ISK.!. n: IISS (lv«.ii 
‘tini *4»s»rs. P . Onff /lull r’nnriii'fa . \t.i I1.<:21T 2rVi. 32’, (ts'lSi 
• I’nn tirsnrifii. I \os on-t <!*> flotl /’<i*nnl<*it M.l II. 

n '..*0 l'«-.' 

M •nil’. »1 Pii»» ,tnv' IlirT ttt ro',,}IT2.7 

•WiomTR.l O «rii| J Sl SHr»v\s /«il Irj rk»«i 16: T?J (JJ»23} 
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fermentation, and, with Albus, the rates of fermentation of lactorc, 
galactose, glucose, sucrose, and makc«c.' 

Virtanen^ has studied the mechanism of the propionic acid fermenta- 
tion. 

Van NieJ’s® dissertation on the propionic acid bacteria aas published 
in 1928. This comprehensive monograph will prove to be of much value 
to anyone interested in the propionic acid bacteria. 

Werkman, Wood, Stone, and their associates have carried out coc- 
siderable research on the propionic acid fermentation, particularly in 
respect to tiro mechanism of the fermentation. Some of their work wi!! 
be discussed later. 

Tatum, Peterson, and their coworkers* have studied the effect of 
growth factors on propionic acid bacteria. 

Factors ASecting the Fermentation. The Organism . — ^Propionic adil 
bacteria, in general, may be characterized as Gram-positive, catalase 
positive, nonsporeforraing, nonmotiJe, focultative aerobes. 

Van Niel* lists eight main species (with their synonyms) on the ba^is 
of morphological, cultural, and biochemical differences; 

RTopxonibacteuxim freudenretehti {Bacterium aeidi propiontet a von Freudeno’lrfi 
and Orla-Jcnsen, etc.) 

P. jensemi (Bact. aadt prapionici b von FVeudenrcich and Orla-Jcnsen) 

P peierssomi (Bad. acidt propiontet c Troili Pclcrsson) 

P skermanti (Dad, acidt propiontet d ShcTtnan) t i 

P penlosaceum (Baallut acidt proptantet von Frcudenreich and Ora enstw 
P. rubrum (Bad acidt propiontet var. rubrum Thoeni et Allemann) 

P ihoenii (Bad actdi propiontet var. rubrum. Thoeni et Allctn.%nn) 

P technicum 

The following additions to this list have been suggested: 

P. rajfmo^acetim Werkman and Kendall* 

P. arabinotum Hitchner* 

P. zeae Ilitchner^ 


I Whittieti, E. O , J. M Sherman, and W. R. Auiu 
(1924). 

* ViRTANE.v, A I , Soe. Set. Fennica, Commenlaitonta 
(1923), 2 (No. 20)' 1 (1925). 


and K. Ames, Ini Chm , W. 1-' 
. Cammaalnnoms 


September, 1928. ^ p.M 32 : 157 (lf'3'^'’ 

*Tatu.v,E L , W. H. Petbbson, and E. B Fred, , ’a,. i67 
Tatum, E L , H G. Wood, and W. II Pbtersov, Jour, 

E E, F M Strong, and W. H Peterson, /e«r Bact, »o- 

* Van Niel, / oc ctt. „ r„ur Sd ,b:YI 

* Werkman. C H , and S E Kendali., Jou.a Slaie CoH J ■ 

^Hitchneb.E. R , /our. 23; 40 (1932), 8- 
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P. icdinicum has the ability to ferment starch, dextrin, and plycopen — 
otlier previously described propionic acid bacteria did not posses-^ this 
aliillt}'. P. thotnii pro<luccs propionic acid and acetic acid from a plucoNO 
medium containing ycasl extract in a molecular ratio of approximately 
5: 1, according to ^’an Xicl. 

Propionic acid bacteria may l>c i<5olatc<l from a number of source's: 
milk, cheeses, and other dairj’ products; silage; sod; the excreta of cattle; 
and other sources. 

The Carbon Source. — A large number of raw materials have l)cen 
utilized as sources of carbon bj* dilTcrent species of Propiombaclcnum. 
Some materials fermented include: lacto'sc, sticro«e, malto's', pliico^, 
rafTmo'S', arabino«c, xylo‘=e, glycogen, dextrin, and starch; lactic, tartaric, 
and quinic acida; gljccrol and mannitol; and proteins, protein deriva- 
tives, and fnt.s. Larlo-e and lo\v-pnce<l carbobyilrates uould undoubt- 
edly be usc<l in the imlustrial production of propionic acid. 

The .Vifrojrn Source. — Propionic acid liacteria may utilize sevend 
nitrogen-containing compounds One of the most sati^faetory nitrogen 
sources is yeast extract, at a concentration of approximately 0 I per cent. 
Peptones, uhey, and corn meal may lie utilized, cspeeially in the asMH’ia- 
tion of other bacteria, such us Proteus niirotihs,* Streptoeoceus /(ie/»s,* or 
J.nrto\>nci{Uts eu’ci * 

Sherman suggests that the incroaMxl proiluction of projiionie acid 
rchultant from the association of bacteria may lie due to the fact that 
lactic acid is more readily utilize<l than laetiw* by the propiome nri«l 
bacteria Van Nicl suggests that the stimulating effeet may be due to an 
alteration in the nitrogenous compounds of the mrslium 

Tatum ami liis associates* state that tlie propiome and Itaetcria may 
1 k! able to utilize ammonia as the only !«>urce of nitrogen when s\jitnlilo 
hluniilat<»r> fuihstanres arc present. They j=iicc«M that >e.isi rxtmet 
and otlier rnmplex nitrogen poiirees may In* cfTertue l)reau'S' they roiitain 
nonnitrogenous growth factors in mldition to n\ailal«lo mtrngt n 

The nitrogen source is of much importance for it influem-e^ the rite 
and the ronipletrncss of fermentation, nUo the ratio of propionic and to 
acetic and 

(Sro\clh Faetort — It has liren Mntrsl reiwat«'<lh tu some «if the • .aber 
bteriture that a eoinplex source of nitrogen was «-s»«‘niid for tin* growth 
of propiome and bartem Uecent n'MMrrh ban tntii(.ii>s| ilnl growth 
factors rather tlian complex nitrogi n •ourrrs an' nio.t important. 

‘ \ IS Nin, /.r rif 

• jJiirnviis. J M anU U II f.V« 3 r.'.T (I'r.M . 

• Tin V. WcH.i.. .n.! PiiriiM.s l»e nl 
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According to Wood and his associates,* amino acids arc beneficial but 
not essential for tlic growth of propionic acid bacteria. 

Wood and his coworkers- obtained an ctijor-solublc factor from yeast 
c.vtract, which was indispen-sablc for the growth of all the cultures 0 / 
propionic acid bacteria tested on a synthetic medium that contained 
ammonium .sulpliatc ns tlie nitrogen source. This factor has been found 
in potato c.vtract, com extract, com steep, and liver extract, in addition 
to yeast c.xtract. It is a nonvolatile acid, soluble in cliloroform, benzene, 
ether, and xylene but almost insoluble in petroleum ether. It maybe 
adsorbed on Xorit and eluted with acid-alcohol. The factor is ftot 
replaced by a mixture containing vitamin Bi, nicotinic acid, pimelic acid, 
uracil, beta-alanine, and pantothenic acid. 

^^itamin Bj (tliiamin) .stimulated the growth of propionic acid bac- 
teria, especially in the prc.-?cnce of amino acids. But not all propionic 
acid bacteria require Vitamin B| for vigorous growth, according to 
Tatum and his associates * 

Riboflavin,* in a concentration of 0.05 gamma per cubic ccntiiDeteO 
stimulated the growtli of propionic acid bacteria in a medium contains? 
ammonium sulphate. , 

For a further di«cus.sion of this subject the reader is urged 
tho various papers on growtli factors that arc cited at the end 0 
chapter. . 

r/iep//.— Most favorable results arc obtained when the pH IS adjiistcu 
to 0.8 to 7.2, a pll of 7.0 being usimlly preferred. ♦ t* n is 

The Tcmpcraturc.^Thc optimum temperature for fermentation 

approximately 30®C'. _ ,, . ^uircs 

Duration of Fermentation. — The fermentation norma } 

7 to 12 days, hut. by adapting the fermentation to a 
basis, \’an Xiel dcmonstratc<l that the fermentation time raa} e 
ably reduced. , culture 

Composition of Some Culture Media. ^ ^ j 
medium containing yeast extract and 2 per cent sodium ac r 
to a pII of 7 in some of his researches. Another me calciu® 

contained y’cast extract, 2 per cent glucose, an per 
carbonate. 


> Wood, H. G., A, A. Asdersen, ond C. II. V> ERKsrAN, 327 (l937) 

» Wood. II. G. E L. Tatum, and W. II. Petebso.v, . 30: 

* Tatum, E. h . 11. G. Wood, and W. U . Peterson, 

MVood, II. G., a a. Andersen*, and C. 

^fed., 36; 217 (1937); Lava, V, G, 11 Ross a«d L- L. i> 

Sei., 69: 493 (193G). 

* Vas NiEt., loc at. 
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Tatum, Peterson, and Fred* have cultured the organisms on a medium 
containing 1 per cent malt sprouts, 1 per cent glucose, and calcium 
carbonate. 

A medium consisting of 5 g. of lactose, 5 g. of calcium carbonate, and 

1 g. of dried yeast in 100 cc. of water, u ith the pH adjusted to approxi- 
mately 7, Was used by MTiitlicr and Sherman* under certain condition^ 

A basal medium containing 1 per cent glucose, 0 0 per cent so<lium 
hiriale, 0 3 per cent ammonium sulphate, and Speakman's inorganic salt** 
in half concentration* (0 2o g, KillPO«, 0.25 g. KIIjPOi, 0 I g. MgSO«- 
711,0, 0 003 g. NaCI, 0.005 g. FeSOvTIIjO, 0.005 g. irnS 04 -tn.O, and 
1,000 cc water)* was u«ed by lYood and his coworkors in some of their 
research 

Products of the Fermentation. — The main end products of the pro- 
pionic acid fermentation arc propionic acid, acetic acid, and carbon 
dioxide. Small amounts of succime acid arc frequently produced, while 
acclylmcthyicarbinol is occasionally formed by certain specie^. 

^tio of Propionic Acid to Acetic Add.— Tlic ratio of propionic to 
acetic acid vanes according to the spceics, the nitrogen source, and other 
factors. In a medium containing gluco«c and yeast extract, the acids 
were produced in a ratio of approximately 5.1 by rropionilacteniim 
tiioont Vndcr similar conditions the acids were formed in a ratio of 
about 3 1 by P nitrum * When mmg P. s/jcrmanti {Itaetcnxim rtn'rfi 
propinmci di, Whittier and Sherman ob'scrvotl a fairly constant ratio of 

2 molecules of propionic acid to I molecule of acetic acid.* 

Yields.— I'Mially more than 75 per cent of the formcntr<l sugar may 
Ik“ arcounleil for .as propionic and arctic acids, while less than 20 jxt cent 
i'* uvhI for carbon dioxide production. 

In one experiment, in winch the meilium contained yeast cxiraet. 2 
j><'r cent gUieirs*. and 2 per cent calcium carbonate, Van N'lel obtaineil the 
folhwving ri~ults 13 2 1 g. glueo^ fcrmentcsl; and 8,02 g propionic arid, 
1.83 g acelic acid, 1.30.1 g. carlmn dioxide, and 0 45 g purcinic arid 
proflurts! 

Whittier* an'l Sherman have determined the conditions nherehy 
NK'lds of approximately 2.4 lb <*f propionie achl and I lb of ncciir aritl 
may U' obtainisl from 5 tii of laeloM' after a femuntation jx-ntsl of 12 
d.ays at 30*t'., u«inK a mixetl culture of V #liermQrm and 

> T»n M, I'nrivM>s. nn<t I'lini, t<^ ci/ 

• \Yntmn» iiri<l 8nrn\J r>l 

• r.,.\ \ II Writvwss, Jour /(orl . SSigOi (tOXS) 

• u. ur'l rrTrn*«>, rU 

• \ Sirj, tftf fil 

• W Hirtjm »rp"l i\. /.V or 
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casei as the inoculum. Yields of 85 per cent or greater usually required 
a fermentation period of 2 weeks or longer. 

Uses.— The propionic acid bacteria determine the taste and flavor 
as tt’cll as the characteristic eye development in Emmentha/er cheese. 

Propionic acid is used in the manufacture of perfumes. Ethyl pro- 
pionate is a solvent for pyTOxylin. The mixture of propionic and acetic 
acids may be distilled to produce a mixture of acetone, methylethyl 
ketone, and diethyl ketone,* substances which are solvents. 

Large quantities of propionic acid could be manufactured industrially 
by fermentation, provided that a demand arose for the acid. 

The Mechanism of the Propionic Acid Fermentation. — Fitz* proposed 
that lactic acid was eonv'crted by*" propionic acid bacteria in accordance 
with the following equation: 


CH, CH, 

3iHOII-2iH, +CH, +CO, +H.0 

iooH iooH iooH 

Lactic acid Propionic acid Acetic acid 

Virtanon,® Virtanen and Karstrbm,^ and Van Niel® wero of the opinio' 
that two 3-carbon molecules were hrmed from glucose after phw 
phorylation, one of these being oxidized to acetic acid and carbon dioti ® 
while two other molecules were being reduced to propionic acid. 


Glucose 


Ilexoscphosphate 


Two 3-carbon— I 
compounds 


Oxidation apjd + 

— “ Carbon dioxide 


propionic acid 


Van A^'icI proposed that pyTUvic acid acted as an 
Virtanen® assumed that succinic acid arose in the lo o\'iag 
from glucose. 


CHiCOOH CH. 

' CHO 

AccUldehya* 


C,H„O.-.iH,CO0H 

ClueoM Succinic ncid 

Wood, Stone, and Werkman' have proposed the foUovving sciieme 
the dissimilation of glucose by propionic acid bacteria. 


’ Whittbr and Sherman, loe aL 
s Fitz, a , Ber, Hi 1896 (1878). 

» Virtanen, loe cit „ j}. 7; 17 (19® 

* y^iRTANEN, A I , and II KaRSTrOu, Acta Chem. Feamca, ■ 

* Van Niel, op. ctl , D,„chem. Joue, 

•Wood, H. G, R. W. Stone, and C. H Vebkman, 

(1937). 
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Some Possible Evidence for Foregoing Scheroes.--5M«\ ornl romponinN 
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fcrmom^Hl hy normul or tlrict! ijrojuoriir Iwlonn I,arlir aeJii Ins 
iKS'ti (Icinonstratnl liy rooto imd liis n'-'Orinln* ninl l»y IVonJap'Ot 
Htul Tatum.* Virlaririj anti Kar>fnuiJ fouml lioxoj'inoiiojilio'pliali* * 
Mt'tliylsl^ «J\al formctl liy (henctitm of drinl pnijutiiiir nrnl h.nrtfrui 
t«i miiKtir-»mrn lirxtr^ pIio*<p)intf' * JV^*'**^ nrnl was irlfnlirHsi in tlii‘ 
fermentation of gliiroM* by /’. arahim^mm* The Minr two men Imm* 
i-olattsl propionnliichii dr from tlio fernicnlatnm «»f gl\rrn»l • In IfklO, 
Stoiif anil WerKman i-til.atts! f)ho-*pI,ogl\rrrir ,irnl from a fcrmentnlliin 
niisiiuin (.(intaining tolucnr, and xi'Imiiii fltionde 


I<"'ir. '1,1 H I'arti, an'! W It I’r rt fVa/r tlni! , \lit II, 

62 .1M mid' 

• I Bou < uri'l J I.L. T*Tt w. HuifKm 7f>t . 267 ; 3^0 < lfiT.lt 

• \ iKT»M s an-! K *«»Tiiaw. f.ir nt 

■ PrrT I. It . aii'l V M V\ tmt. Tfrtt* /.*»> S4* Crtn ,27' llfl iS-vt Vl (I'*T1 
■VVixii' 11 <t an I 4 II U ( KKWtH. /IxvAcn , 29: 7I*> 1 tt>ll t 

• Uouf I! c. am! 4’ II \\ rnawai /Voc >c< Err'! t JltOls finil 
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CHAPTER XXII 

THE PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

2,3-nutanc(l(o! (Clh-CHOH rilOn CII,) h Avcll kno»n 2,3- 
\)utylcnc plycol. It ia eompwliat levs commonly known as 2,3-<liliy- 
<Iroxyb«tanc or <limctliylrt)jj’lene plyeol. 

Tho demantl for Bynthetic nibljcr in World War II prcatly stimulated 
rosenrcli on the profliirtion and properties of 2,3*butnncdiol in this countrj* 
and in Cana<la, smee »t could l>e comertoil to 1,3-hutadicne, a substance 
used in the production of nihlier of the Runa type. Since insuHicient 
know ledge was avuilahlo conceminRthe pro<hiction of 2,3*hutane<nol anti 
ctinvcrsion methods at the time the synthetic nihWr industry wa.s lieing 
cstaldi-hed, it was nocessarj' to manufacture butadiene from otlier mw 
materials, sueh as ethyl alcohol DunnR tho war years and since, a great 
deal of information lias hcen obtained reganimR protiuction metlnxls, 
parlievihirly on laborntory an<l pilot-plant tcales. In nddititin, it has 
tieen shown that derivatives may l>e rcatjily prtparctl from the 2,3- 
hutanedioU and that there are many potential u«c.s for the»e, such as for 
antifreeze iiRents. •‘olveiits. softeners, and phisties. 

Historical.- The literature on this subject has lioen nwiewwl by 
I.edjnRh:iin, Adams, and Stonier;* and by Underkofler and Piilmer.* 

The lirvt siKiiilicant reports conceniinR the .Irrohncfrr fermentation 
weri' thov** of Harden ami Walpole (ItWi); Walpole flOll); and SrhefTer 
PolhiwinK the*«e there api>eami a miml»cr of puhhrations from 
the Iowa State ('ulli'ce, among which may lx* mentioiusl thic<o of Hmlen 
tlP30), Hnsh-n and I'lilmcr Pulmer. (‘hnstcnvcn, ami Krmlall 

Kendall fliapix’ll Porter. Mit’U~key. and Ixwmo 

SiKcrtnan and Werkman tlDlll. SiahK and Werkman tl'.il2), 
and Viuh-rkofliT and rulmcr 

111 ports rntirernnig the ferinentalion broucht alsmi by .tfrr>>wifilhM 
iiave i»->insl l.irg'*K from t’aiiadi. ntthoogh the first i‘ii:nific:int 

' t t. V . I, V .VlOlOS. Klvl It > -TSSOR. fun r. 

2j 4s riar. 

• t M.rn».unn«.I. V.m.dl I f » lorn, K -7/rtVtn t ..-«««•. 11 (V., «< 

41 Mois 

* Till* «'ts»ia«ni !• » n* ft soi.'iit in iJ r •nil, r«! Ih-n «if ' prf ■ 

IVlrfli.ii.stnr p«rUri..l,<\ 
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CIIAPTKR XXII 

THE PRODUCTION AND PROPERTIES OF 2,3-BUTANEDIOL 

2,3-nutane(liol (CIIj-CHOII CIIOII CII,) h well known ns 2.3- 
liutylcnc glycol It is somewhat less commonly known ns 2,3-clihy- 
(Iroxybutanc or climcthylcthylene glycol 

The (lomand for s^mtliotic nibl>cr in World War II greatly stinmiated 
research on the production and properties of 2,3-hutanediol m this country 
and in Canada, since it could lie converted lo 1,3'hutadicnc, a euhstnnee 
U'led in the production of nibl>er of the Ihina type. Since insunicient 
knowledge was available concerning the production of 2,3-hulanodiol and 
conversion methods at the time the s>-nthctic rubber industry was Ixdng 
cstablWied, it was npco?s;iry to manufacture tnitadiene from otiior n»w 
materials, such as ethyl alooliol During the war years and since, a gn*at 
deal of information has hocn ohiamcd reganling prcsluction methisls, 
particularly on lal)orator>' and pilot-plant scales. In addition, it has 
heen shown that ilorivatives may l»c rcaiHly prepared from the 2,3- 
liutanediols and that there are many potential uses for the'<‘, such ns for 
antifreeze agents, soltenis. softeners, and plasties. 

Historical.— The literature on this subject h.n.s l>een re\iewe<l hy 
hedinglinm, Adams, and Stanier,* and by VinlerkofliT anti Fulmer.* 

The first significant reports concerning the Arrotnrirr fermentation 
wore tlio-e of Harden and Walpole Wolptile (11)11 1 ; and Srhefler 

{102S) Following tlievj there appeiireil n immlKT of puhhratioiis from 
(he Iowa State C’ollege, among wliieh may Ik* mentioiicsl thie'O of lireifm 
(1030); Untlcn and Fulmer (1031), Fulmer. (’liri'tfii'S'n, anti Krntlall 
(1033); Keiitbll (1031), CliapiM*!! (103.»». Forli-r. Me( •Irxkey, mid Dw ine 
(lt)37), Silverman mul Werkman (lOII). Stahly ami Werkniaii (1012), 
ami Fmlerkoncr and Fulmer (1HIS) 

UepttrN fonreriiirig the fermentation br»«icht nt»out by Arrof>nciUu* 
t»''!ryrttfjrn* linvt' i-'iiexi largely from < an-nhi. nltlimigli the fir-t Mgru/icafii 

' l.rnisi.iuu. (I \ an.l It ^ Jour I.'rrr.rrfk, 

53: ts dtU’.) 

’ t'vni ni.<)ri »n. I. \ nncll I I i i wrn, II />»*•» fowwun* , it tV<i 32) 

<1 (laiK, 

• n..« ..retnprii i* n* It.ieillu* p.Jjotjs-tntiso r.J.lM.ii ff 

Ix Utrtrrty.U’C* 

4H7 
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informfttion rcKnrdinp this fermentation was suppHcd by Donker (1926) in 
Holland, ivho shout'd that 25 per cent of 2,3-bu(anedioI and 19 per cent of 
ethanol were obtained in the fermentation of glucose. A large number of 
reports has been pnbli.shetl since 19 M, in particular by Ledingham, 
Xcish, Adams, Stanicr, Hose, J>c.sh'c, Fratkin, and their associates of the 
Xational Research Council of Canada; and also by Katznelson, Lochhead, 
and fellow workers of the Division of IJacteriologj’ and Daily Research, 
(’’anada Department of Agriculture. 

During ^Vorld War 11, a considerable amount of coordinated research 
was carried out simultaneously by personnel of the Xorthern Regional 
Research bahoratorj’ of the t' S. Department of Agriculture; theiVational 
Ro'icart'ii Council and the Department of Agriculture in Canada; the 
Iowa State C’ollcge; the University of Wisconsin; Jo&eph E. Seagrams and 
Sons, Inc.; the Commercial Solvent.*; Corporation^ Schenlej' Didiilcrs 
Corp.; and by members of other laboratories. In the follou ing para- 
graphs reference is made to the results of some of the research carried out 
by these organizations and other indiv'iduals. 

The Fermentations. — A number of species or strains of bacteria 
classified in the genera Acrolactcr, Acrobaeillns, Acromnas, Scrraii(i,&D 
/iactUu€ possess the ability to produce 2 , 3 ’butanodio}. The ferae^ ^ 
tions brought about by strains of Aerobaclcr oeropencs and Afrobaa ns 
polymyra (IVazmovv ski) I^figiila have been studied intonsivoly af^d 
to be the most important ones. However, considerable interest 
shown in the fermentations produced by Acromonns hydrophm o 


suhtdis (Ford's strain) and 5crratia murcc.wns. . 

Products of the Fermentations. — TJie products formed j? 
type of fermentation vary qualitatively and quantitatively, 
tho strain of organism usc<l, the mc<lm, and the conditions o erm . 
However, in each iii.stancc, there are produced 
(acetylmclIiyleariunolK ethanol, carbon dioxide, acids, following 

other substances. These will be considered in deta in 


discussion. . d 

Forms of 2,3-ButanedioI. — There are three stereoiso . ^ by 
2,3-butancdiol, or 2,3-butylcnc glycol, all of winch arc P 
bacterial fermentation. These arc the dc-xtro, lc\o, an 
structural foimulas of which arc shomi below: 

CH, 

mhll Jlj'OH 

[ I n c-os 

ir-c on HO c-H 

An, An, 

(I.evorotatory lorrtij (D«tK«»t»tofy i > 
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A mixture of the dextrorotatory' and mcso forms of 2,3-butane<hol is 
pro<Jucc<l by strains of ytcro6ac/fr ocrogcncs. 

The Icvorotatory form of 2,3-butancdiol is prtxluccd charactcristicnlly 
by Bacillus polymyxa (Prazmowski) Mipib. Ward and his ns,-ociatr'‘ 
identified D-(-)-2,3-butanediol as the chief substance formetl by B. 
polymjia in grain mashes. This substance possessed a sperific rotation 
slightly in excess of —13 0”. According to Xeish,* the D'(-)-2,3-l>utanc- 
diol pro<liiced by B. polymyxa is a pure isomer, with the optical rotation 
la]» « -13.34^ 

A mixture of the Icvorotatory and meso forms of 2.3-butanediol is 
produced by Aeromonas hydrophtla. According to Stanier and Adams,* 
the Icvorotatory form preponderates, based on the optical rotation 
(ol« » -0 07. 

Bacillus stil;ti{i9 (Ford's Strain) proiliiccs a mixture of the lei orotatory 
and mcso forms of 2,3-butanediol in approximately equal quantities, 
according to Ncish, Blackwood, and I^lmgham * * The optical rotation 
[o]u equals —5.0*. The refractive index is 1 4340 at 2C®C., while the 
ijoiling point is 181 to 182*C. at 700 mm pressure 

Tho2,3'butanediol pro<luce<l m the.ScrrrtOa mnrrc.trrns fermentation i« 
a mixture of the ni(r»ch and <lo\ir«rotatory forms.* hut the arnmint of the 
latter is only about 2 per cent <>f the total 

Production of 2,3«ButanedioI.— .\s already indientnl, 2,3-hutanr(liol 
is produewl in reasonable yields b> str.-uns of mweral clifTcirnt groups of 
bacteria. Those will be eonsKlensl iiiduidiially wnceproihiction methwls 
vary 

1 Tfir Acrobnclrr arrogenfs Frrmrntation.'-^'Thi* fermentation uns 
first <»liidie<l by Harden and Walpole* m IWO. The organism It. larht 
nnogrur^ t.lrreWter airogetifs) was grown iincler nnarrubir conditions on 
a meilturii containing 1 ix'r cent Witte jieploiie. 2 per rr-nl glucose (or 
inannitolK and efialk I.atcr (ltd 1) Walpole* iiuesijgauil the fermenla* 

'\lsnii,4« I ,(l I'l rrmJiiitN,l. II I/x R«oet>. and It I) ( tmii u, ^our. , in 
riirm .S.-- , CC- .'fll '10111 

1 < . <".rn Jour AV#<.jrfA. B, gj; 10 f IPI ’,1 
U y . ati.H. \ lUnrhtn Jo»r S8; ir.S (lOlti 

•Nlisii \ I . \ f |IMi KW<M)I>, BH'i II \ 1 I S'lSallltU. .''flruef, 101 I 2 1’l 
. lOl'ii 

‘NiMH \ I . V III and \ l.ri»lst.n»v, f"«*i Jeur Urmrrh, Tl, 

23-2->0 IPI*.. 

* \ri«ii, \ < . \ I' ni.»rK»i»>j., t” M ItearaiuiN. an 1 (i 1 LrfjsoiUM, (’on 
Joir D, 25; C.'i <10«7) 

•It*aiTs. \ . an.I (J S t\j.iis>ir /'«*-• /.’«»> -fe" f-*n . S^re-. H, TTz yo 
lf»>.' 

I.’.fj .Sor BJzCr.’ nillj 
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tioti fiirtiier. In 1928, SeherFor' carried out rc'-carch on the production of 
2,3*l)utaiietliol by ^1. oeropeHcaand related orKani«ins 

rulmor, CIjri.stcn.«cn, and Kendall* investigated the efTect of sucro>e 
concentration on tlic production of 2,3-lnitane<Ilol by species of ^rre- 
harlcr, particularly ^1. pcctinovonm (a variety of ^1. aerogencs). The 
medium contained the following materials per 100 ml.: 0 250 g. of 
ammonium chloride, O.loO g. of potassium monophosphate, 0.150 g of 
calcium cliloridc, and 0.20 g. of magnesium sulphate, plus different 
(plant itiea of sucroM}. The pll was adjusted to an optimum of C.O ivilh 
sexlium carbonate. Sucrose in concentrations up to and including 8 per 
cent was entirely fermented. A.s (he concentrations were increased aboie 
8 per cent, the per cent of sucrose fermented dropped. At a concentra- 
tion of 8 per cent, 47 g. of 2,3-hu(anediol were produced from 100 g of 
sucrose at 

A. rnoDumo.v kuom .\cii>-nvDKoLVZi:D st.^kchks. — lVard,Pettiiohn, 
and C'oghill* have studied the production of 2,3-butancdiol from add- 
hydrolyzed com and u lieat htarciie.s hy A rrohacter acrogencs XRRL-BJ^ 
Iloscarch ua.s carried out on the starches since it was believed that 2,3- 
butanediol could be recovered more readily from fermented inaaDf* 
prepared from them tfian from fermented ma.«hcs prepared from aboe 
Krnin. 

Stock cultures of .1. ocrogenrs wore carried on slants of agar w 
taming 5 g. of I lifeo tryptonc, 1 g. of glucose, 5 g. of Difco yeast extrac , 
and 15 g of agar per liter). 

The starter (inoculum) for the fermentation m.ashcs tv.as 
growing A. arrogenrs in a special medium composed of the ® 
ingredients to which was added subsequently separately sterilize 
cent urea solution: 


. 50g 

. 0 60g 

0 25k 
5.0g. 


Glucose • • 

KIIiPO. 

MgSO. 711,0 
CaCO, 

Water, di9tiUc<l. to make I htrr 
The above medium was distributed into 200-ml. Erlenmeje 
100-ml. amounts and sterilized with steam nt a pressure o 
per sq. in. (12I°C.) for 30 min. At the time of mocu a ! 
received 1 ml. of sterile 20 per cent urea solution. 


‘ Scheffer, M A , Thesis, Pelft (19J8). __ . , r.„ c^tm , 

* Fulmer, K. I., L. Jf. Chhistessex, and A R. Kesdill, 

798 (1933) , . ^ chcri , 37: 9-^ 

* Ward, G. E„ O G Pettwohn, and It D. Coghill, Ind 9 
(1945). 
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The formcntatioti ma'^hos were prepared by cooking w ilU steam, under 
pressure, suspensions of storcli in water that had l>cen aejdulalc<l with 
hydrochloric or sulphuric acids, and by adding the nccess;ir 3 ' salts and 
calcium carbonate. The conwntration of starch used was generally 
aliout 10 per cent. Suflicicnt chemically pure acid wa.s added to the 
starch slurries to yield an acid concentration of 002 to 0.12 normality. 
Hoforc pressure-cooking the maslics, the starch slurries w ere gelatinized in 
hot-water baths while being agitateil. They won* then conked for 1.25 to 
4 hr. at a steam pressure of 22 to 25 lb per sq. in. (I2S to ISl^C.), during 
which time the starches were sacchanfio<l Table 9S shows the elTcct of 
cooking conditions on j’ields of 2,3-butane<bol from starch 2778, a refined 
wheat starch containing 8.19 per cent moiature and OS per cent starch on 
a drj' liasis. 

Ta«u’ — I>ercr or Coovisn Covnniov^ os BiiAsnoioi. Vjri4> mow Sr^nrn 
mt' 

(Mnotics I arid 2 ti%drotytt'<l I 2’) hr at ma«h<*A 3 and 4 li'drohrod 4 >ir st 

130’( , di«uUwi water ttinmeltnul * 
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Salta to supply the mitriluc rcijilirrmciit** <if .t nrrcM^rne.* were nddis] 
to the AtnrrhcH in the following anunmls iht bier 0 25 g of MgSO, 711/), 
OOOg of Klljl’t)*. 2g of iin-a. andhirt lOg of t The m!lgne^iunl 

Milphatc ami pota—uim thli.xlrogen ph«r-phatc were n(Me<l to the AUarrh 
>'!urrieH In-fore cooking The urea (nnn 20 jwr cent eolulmni and calcium 
carhon.aie (dry) were MerihzetJ M-parateh and wdchxl t«) the isacclianfiixl 
March«*H tt«.fnre inoculation The pll wnx ndpixte'l to 5 5 to (* 0 hj mrarn 
of the nddinl ('a('t)» 

The frrinentations were rarruxl mil in rotary ilrum^ of the tyjv* de- 
wnlMxlonpaKt'tVV.lumlrrtliefotlowmRcnnditionA temjwnituff «• 30‘r , 

rrvohitioni {wr nnnuie •• 10 to 12. c.ujre pn-Mire ■■ 5 tt» . aw flow •• 50 
ti> IW lul }>er rnm They wen* conclude*! incachca*** w le-n tc-«tA •howeit 
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that the minimum reducing sugar concentration v>as reached, iiAicii 
coincided n-ith the maximum production of 2,3-butanedjol. 

The yields of 2,3-butancdioJ, acetom, and ethyl alcohol obtained frenj 
acid hydrolyzatcs of starch 2778, as calculated in terms of pounds per 100 
lb. of starch and per 34 Ib. of pure dry starch (the equivalent of 1 bu. d 
com), and of per cent of theoretical on the basis of the glucose consumed, 
are shoum in Table 99. 


'i’ADLK 9 J). — Yields niou Stapch 3778* 


1 

Fermenter 

Viold, Jh /JOO ib. stnrchj 
(as received) ] 

Yield, !l)./34 Jb. pure 
dry starch 

No. 

' Butane- : 

[ Ate- ; 

Ktliyl 

Butane- , 

Ace- , 

i:thyl 


diol 1 

1 torn i 

alcohol 

diol 

tom 1 

alcohol 

1 i 

1 32 5 

Il8 

2 9 I 

12 3 j 

i 

0 7 

1. 1 

2 { 

' 32 7 1 

'JO 

' 2 2 1 

12.4 1 

0.4 

0 8 

3 j 

1 30 8 

i 1 0 1 

! 0 C 1 

13 9 i 

1 0 7 

0.2 

4 1 

; 30 4 


'18 

1 13 8 1 

i 0 5 

0 7 


Yields per cent of 
theoretjcal, based on 
glucose coesurofit’ 


Butane- 

clIoJ 


Are- 

toin 


Although good yioWs of 2,3-bu(»i)cdiol wore 
2778, considerably poorer yields were obtained from a 

starch, designated as SS, which was 
similar manner. This observation led Ward and is os 
gate the effect of growth factors; of extraction o s arc •Qn^^.cch3age 
alkali, and alcohol; of trace elements; of added ions, an disctis^'^ 

agents. The effect of some of these factors on yie s 

The addition of growth biotin 

p-aminobensoic acid, pyridoxin, riboflav’in, s produce 

thiamm — to aerated glucose cuitures did no app j.jcohoi. 
differences in the proportions of 2,3-butane , 0 1 N HCi, 0 ^ ^ 

Portions of starch SS extracted in the co n g^5tpmar) 

NaOH, and 05 per cent aqueous ethyl ^ 2 3 -butanediol 

manner for the preparation of mashes.^ T e yie ' 
increased to 72 per cent of the thcoretica , ^ ^ j at 

was greatly decreased as a result of extraction a portion® ® 

over, no improvement in yields result ro 
starch extracted with HCI or ethj’i contents of 

As the result of finding marked difference 
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elements in the ashes of starches 2778 and SS after spectroscopic analyses 
Ward and his coworkers investigated the efTcct of added ions. The 
addition of copper ions in concentrations of 0.01, 0.10, and 1.0 part 
per million to a medium prepared from hj'drolyzed starch SS, greatly 
improved the yield of 2,3-butanedioI but reduced the yield of ethyl 
alcohol. The addition of 0.01 p p m of copper (as CiiSOi) to the hydro- 
lyzates of 24 corn and wheat starches led to variable results. 

The addition of manganese, cobalt, and molybdenum ions to acid- 
hyilrolyzed starches resulted in lowered yields of 2,3-lmlanediol and 
increased 3 'icld.s of cth}'! alcohol under aerobic conditions, and a faster 
rate of fermentation under anaerobic conditions. 

Ion-exchange agent.s, such as Zco-Karb II, were found to be particu- 
larly desirable for the treatment of t-larcli hydrolyzates. They were 
cITcclive m correcting unbalances in the ions and m removing c.vccssive 
(piantities of iron and copper picked up from the equipment used for the 
preparation of the liydrolyzatcs 

In the optimum U'O of ion-c\cliatige agents, such ns Zoo-Karb H, the 
acid hjdrolyzato was adjusted to a pll of o I and filtered to remove* the 
small amount of flocculent pretapitatc pivsent One liter of tlic filtrate 
"as agitated foi 30 mm. with 20 g of Zeo-Karb H. 'I'lie ion-<'M‘linrige 
agent was then removed by filtmtion. the nutrient salt-, were aililed, atid 
the mg'*!! was sterilized, cooled, and then m<xai!aled .\n ulteniatc an<l 
more efTieiont mctlicxl for treating the ncnl-liydr«>l>zatc with the ion- 
rxcliaiige agent was to pa'^s the former continuou'^I.N through a column 
containing the latter 

It may be concluded from the rc«earehcs of Ward and hi^ eoworkers 
that hydrolyzed starcli ma«hes properly balanced in n"-|>«*ct to ions, 
iH-rliap-. by the u*^ of an ion-c\changc agent, and ''Upplie<l with the ii'iial 
nutrient materials, may Ik* fermented umler ojitimuin runditniris liy .1. 
nrrvijcnc^ with th<* priHluctloii of t-ati^factoiy fields nf 2 ■Miiitaneilai! 
However, higher yiehls on the a\rrage may l>e obtaineti from luid- 
liyiirolyzed whole gram mashes which do not n*q»ire the Kime degns* of 
ndiust,„f.,it 

H rnoiMVTioN ntoM woon mi>noi.>z\Ti s — Perlman' has mM*sti* 
gnte<l the prcKliiction isf 2,3-lmlfln<sht>l frinn n< id h\«lrol\ zates of h-inl and 
Hift wtHxis, including foiillicm rial o»k. Inmglas Itr white xpruce, nii<l 
Kiutlii'ni Ji'llow pine A siiminaiy «f his n-^.an-ln-s follows. 

A culture of .1. arro.jcur^ NHUI. lift wasrmploMsl Tins wa* grown 
in a «ix’rial nwslnim rontaining ''O iwrernt <if ghno^* 0 ri jx-r emt of 
corn «t«sp iKpior. and 0 .'i jK-r cent nf fat’O,. which wa- neral«sl rnr»- 
limioii.ly (HI n inn-h.amral (•linker for 12 to H»hr I«rfor«‘ it w.-vs Tlie 

• frxjxts, n . /ft/ /,ftj CA/fft . SS: >i9ll 
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liydrolyzatcs ns is sliown in Table 101, on pngc -195. Jle discovered also 
that tlio neutralization method of treating wood hydrolyzates was satis- 
factory when the organism had been acclimatized. 

C. PRODUCTio.v FROM GLUCOSK. — Olson and Johnson* described thi 
production of 2,3-butnnrdiol from glucose. Under optimum condition: 
wherein aeration was used, yields of SO millimoles of 2,3'butanediol wen 
obtained per 100 millimoles of glucose with Aerobacter aerogencs 199 
Sugar in concentrations up to 10 per cent was fermented in loss than 48 hr 
Sugar in concentrations up to 20.5 percent was fermented in 108 hr. when 
it was fed slowly as a concentrated substrate during the course of the 
fermentation. Jn fermentations such as the latter, the conrentration of 
gU'col obtained was as high ns 98 g. per liter. 

2. The Jiacillus potymt/xa Fermentation . — This fermentation is 
characterized by the production of the Icvorotntory form of 2 , 3 -buta^ 
tliol and ethanol from mashes containing saccharified ground wholegrains 

such as wheat. 

Some of tho first contrihiillons concerning the fermentation were 
furnished by Donkor,* who studied carbohydrate dissimilation by 
AerobnetUus polymrjxa (Prazmowski) Donkor. Later ICluy^'er 
ScIiclTor^ investigated tho fermentation. During tho years 1942-19 a 
very largo amount of intensive rcscarcli was carried out on thisfemen 
tion, particularly by Lcdinglinm, Adams, Slanicr, and their asswia e« 
the Canadian. Xational Kc.«carch Laboratories, and Katznc son 
I..ochhGnd of tho Canadian Department of Agriculture. ilowme 

Tho fermentation maj' be conveniently discussed under the o 
headings, tho organism, tlic inoculum, and other factors a ec i 


fermentation. p^/^. 

THE ORGANISM. — Thc fermentation is carried on bj 

myra (Prazmowski) There are other sjTionyms 

such as AcrobactUiis polymyxa (Prazmowskl) ^ 

polymyxa (Prazmow’ski), Granutohacter polymyxa ( eijennc 
astcrosvorus (A. Meyer) Migula. « . , 

The organism has been described by Donkcr,* by f . gj.g 

and Levine,^ by Ledingham, Adams, and Stanier, an 

Bacillus polymyxa is a sporeforming, L Ractllocco^ 

aerobic organism of the Aerobacillvs Donker group nne a 


■ Omo.v, B. n , and JI. J. Jcmxsox, Jimr. Butt., 65 (ff”- 2)' * 

* Donker, II. J L., Thesis, Delft, 1926. -g gs, 1933 

. Kwv, ™, A J., and M. A. SnreFren, U S. Patent 1,809,156, 

« Donker, op. at. - , 33 : 163 (193^^ 

* Porter, R., C S McCleskBT, and M Levine, 

* LedIncka'I, Ad \m 8, and StaniKR. h>e- 
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It 13 motile with pcritrichous finRoUa otid occurs vegotatively ns rods that 
var>' in size from about 0.5 to 1 micron in width to 2 to 8 microns in length. 
It iKiuofics gelatin, produces catnlas'c, Jiydrolyzcs starches, and gives a 
jioVitivo Voges-Proskauer reaction. Most strains ferment araliinos*, 
eellobio^e, dcxlrins, galactov?, glucose, inulin, lactose, levulose, mannitol, 
manno'^, rafTino^e, salicin, sorbitol, starch, trehalo'^c, and xylo*^. Some, 
but not all, strains ferment rhamnosc. The optimum temperature 
appears to be about 30'’C. 

Strains of D. pohjmyxa may be i«olate<I from a w ide numlicr of sources 
including .soil, water, milk, grains, feces, and fresh or decaying plants. 

l>e<imgbam, Adams, and Stanier‘ recommended the following procc*- 
duro for its isolation: Agitate some soil or other source material uith 
'‘terile water Place 5 ml. of the suspension thus prepared in a sterile 
euUuro tul>e and pasteurize it in a water bath at a temperature of S0*C 
for 10 min. Inoculate tubes containing stenlc lacto^ or btarch broth 
with l*ml. portions of the pasteurized suspension and incubate the tubes 
at 30"^’ Streak plates containing neutral reil, starch-peptone, or starch- 
yeast agar null material from the tuWs showing g.ss proiluction after 2 to 
3 days Select nn<l isolate tj'pieal colonies. 

'Hu' eolotuos of /{ prtlyiiiyxa, which show a wkle range of variability 
iieeordmg to Lislmgham and lus associates, are generally pink or nsl in 
folor when grown on the neutral resl agar They gi\e ri-e lo n pleasant, 
fnui-like oilor Some, which form a thick >hnie. may iKwome ilistendisl 
by gas bubbU's Growtli and epretuhng of the colonics on moist plati's 
tMTur rapidlv 


T*nir 102 Tiir (’n\UMstTiny <»r S«»Mr MriUs t>rn is Isoiatiso li 


*«tn»rli lifiilli, per rint 

NeiiU^l nsl iifxr 


IVjiti'iie 

1 t^talcK or HrlOkO 

tJOK 

Mnrrti 

t •* IVplonr 

tOg 

l«i I'O'lli l«rr r«-TiX 



\ojtnl rril 

0 O’, K 


1 \ts» 

»•*.* 


1 tlMet 

1 oeorol 


iHift tAin«s} Ic.m ftrl.fW I v (1 A O X A.'bita mt^l K \ Mkh-t 

r**-**'! r. ti 1 MS{*.) 


Sirajjis Ilf II jynJi/myj/t rhoiild l*r cclrrtetl primarily for their abihly lo 
j»n»iun* high \iel<l* of 2.3*liut,anrdi»1 anilrthsnol, and abo on tin* ba*is of 
Oi» lilu r.uliiht) of tho ms'lic'* fi nn*'ntis| hx tlum Stalnluy of rliarnr- 
IiiixMtu Xthm. Kill} srkiiii r Irt' nt 
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teristics is another factor of importance in the selection of the mtbt 
suitable strains for fermentation. 

Katznclson^ observed that there was a difference in the fiUerability of 
mashes, some filtering within a few minutes and others requiring hours 
The difference in filtcrability was found to be a strain characteristic 
Stanier, Adams, and Ledingham* studied strains of B. polymyja in 
relation to the production of 2,3-butancdiol and the filterability of the 
fermented mashes. They found that it is impossible to correlate colony 
appearance with filtcrability and yields. Filtration of mashes fermented 
by certain strains, including both high and low producers of 2,3-butane' 
diol, was readily accomplished while that of other strains was accom- 
plished with great difficulty. Afashes were classified on the basis of their 
filterability. A Type A mash was one in which the residual solids of 
fermentation collected on the surface of the medium, leaving a rather 
clear liquid below. The Type B mash was one in which the residual 
solids accumulated as a loose sediment mth a relatively clear layer of 
liquid above. The Type C mash was one in which the solids ^ere held in 
a fairly uniform suspension as a result of the large amount of loose s1«m 
produced by the organism. Both Tj'pe A and Type B mashes presentw 
no difficulties in respect to filtration, but the Type C mash filtered 
slowly. Strains producing the Type C mash, even though good producers 
of butanodiol, arc not considered to bo practical for commercial use _ 
Stanier and his associates* pointed out the value of preserving strains 
of B. polymyxa by drying in order to prevent further variati^s. 

THE INOCULUM. — The inoculum is the starter used to seed the m ^ 

fermentation medium. Particular attention must be paid tot 

of an inoculation medium that will favor the rapid developmen 
bacteria and produce optimum yields of the desired end pro uc s 
respect to the use of the inoculum, it is necessary to know a v i 
it should bo employed and in what quantity. _ 

Ledingham, Adams, and Stanier* used two tjpos of inwa a i ^ 
which are listed below. Medium I has the advantage 
pipetted more readily than Medium 2, 


Medium I 
Soluble starch, 2% 
Yeast extract, 0 5% 
Calcium carbonate, 1% 


Medium 2 
Wholo wheat, 5fo 
Yeast CTfraet, 0 

Calcium carbonate, I /« 


‘ Katznelson, H., Can. /our. ftes, C, 22:235 Jour. 

* Staniek, R. Y., G a. Apams, and G A. Reding”* . 

23: 72 (Z9-15). 

»lbtd 

* Ledingham, Adams, and Stanier, toe. ctl 
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Tlie yeast extract u‘=e<l in tliese mc{lianiaybcPiil»stituto<l l)y malt 8prout«, 
com steep licpior, malt extract, or dried yca«l. 

KntzncUon n«e<l, in addition to the above metlia, the Difeo Methyl 
lied — VoKes-l’ro<kaucr Medium. 

The ape of tlic inoculum, within the limits of 10 to 90 hr., apparently 
makes little difference on the yield of 2,3-butanediol and ethyl alcoliol 
])ro\ iiied that the orRani«m la aclwc. 

The size of the inoculum useii (provided that it represents at least I 
per cent of the volume of the fermentation medium) is aUo not too 
influential on the yields. Katmcl<on found that an inoculum of 0 5 per 
cent sire was too small, but that the use of quantities rcprc«cntinR 2.5 to 
5.0 per cent of the volume of the fermentation mash was ?ati>factorj' 
I^arRcr amounts may Ik* u*^!, of course, if desired. 

Table 103 shows the influence of nRC of inoculum, qu.antity of inocu- 
lum, and nature of the inoculaimR medium on 3*ields of 2,3-butanediol b.v 
a strain of B pohjmyia. 


TAniK 10.1 — Imu rver. or Ar.r. asd QcANrrrt or IsocvLCit anp KoruwTisfl 
Mrtm« ov Yit.tJ* or IUtampioi. »r SntAis 47 


Age of j 

2,3-Uut(vnf-l 

Amount of . 

S.f^Ilutanr- 

Nature ot 

[•.S-liutme- 

iiiociittini 

(llol, 

1 inoculum, 

1 diol. 

inorulstinc 

diet, 

hr 1 

{*cf mil 

jv front ' 

per rent 

medium 1 

I" r rriit 

2i j 

3 10 1 

0 r. 

1 2 00 

^ ra.*t-»t<irrle('aCO, 

3 0) 

iH 

! 3 21 

2 S 

1 3 Ot 

Difro M It -V. 1* 

3 13 

■*r, ' 

3.17 ' 

5 0 

3 01 

wliole-whrftl IniiOi 

3 OS 


■ KotnAu-’o. U .Ca« Jtv 

HAW' lUTT.iUM-s vM.n . — II jwlymyra is rnpable of fermentinc a 
variety of propi-rly preparwl prain ma>hr«, such a.s com and wheal; 
pluro'c; xvloM*;* mannitol,' and «»ther rarboliydr:ite.s. The ulilimtion of 
corn or whole wheat apjx*ar. desirable uhen tliev' prams are a\ ailable in 
l.irpi* <ju:mtitif< The u^ of whole wheat has Ix-en studied exten'*i\el> 
b\ IxsliiiKbarn and his as-sociatcH nnd liy Kntrnel»on 

coNCi.VTiUTlov or n\w >i ati iiim> — Tlie choire of the optimum con- 
centration of ra« m.nlerial mu«t l>e b.'iv'il on fermentation efiicienry ami 
fna«h \ I'Tii-it), lAslinpti.’im and his rm\orker>* fisirid that ma«hes which 
rontaitiisl tnote than 1.5 jicr cent of whe.at l»y weiplit were im-fTirii-ntly 
termi’iitisl and wen* pinemlly thick and xi-eons. Such ma.«fies p^\i- 
Iiiplirr >nlds than thiw« «if lower concentration", but th«« time re<it]insl 
for frrtwcutatiou was prolnnpe«l and ilir starrlu-s were meomplctily 
1 \l.uu. r, SrsMiK Tan /.V»ei*rA. n, J3: 1 

\ii»w» "fwl STASira, l.«r. nl. 
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utilized. A coiicoiitnition of wliole ulipiit of nppro.Niraately 15 per ccet 
was considered best. Viscosity is a factor of importance especially ic 
connection with liandling or pumping of the mashes. 

KFFi:cT OF FAitTicu: Bi2i: OF WHEAT, — TIio invcstigators at the 
Caniulian Roscarcli I,aboratorios found that the yields of 2,3>butanedio! 
and ethyl alcohol were not adversely a/Tcctcd b3' the particle size of wheat 
provided that the kernels were broken, 

I’HEPAnvTioN or THE masii, — ^' rhe preparation of the mash iadudes 
the weighing out and the mixing of the ingredients ns well as its cooking 
or sterilization. 

Ixjdinglmm and his collnborntors placed 300-mI. portions of medium, 
after preliminary treatment, into 500-mI. Ericnmeyer flasks. A 15 per 
Pent mash thus contained -15 g. of wheat in 300 ml, of medium. To each 
ma.sii, 1 per cerjt of ralciiim carhonaic was added, except when spccid 
tests wore carriwl out to delennino the efTcct of pif or carbonates In 
order to avoid the caking of starches in the mashes during sterilization, 
the ingredients were gelatinized by cooking lightly’ with constant agi^* 
tion and then placed in tlio Erlcnmej'or flasks. Sterilization w'as 
nanl3’ nccomplisho<l by the use of steam at a pressure of 15 Ib. (1^ ^ j 
for 1 hr , a rclation.ship established after experiments had been carriw on 
to determine the ofTcct of various combinations of temperature and ti^ 
of cooking on the production of 2,3-butancdiol and ethanol.^ It ww 
covered that cooking mashes for 3 hr, at temperatures of 12C'’C. 
resulted in lowered yields. Table 101 indicates that the time an e 
poraturc of cooking may be varied considerabl}' without do nme 

ctTocts on the yields. ^ r ^ u> 5r irraiD 

bcdmgham and his associates occasionally prcliqucfiod 
mashes by tlie atldition of malt (I percent of the weight of t ® 
by liolding the temperature at TO^C. for 10 min. This 
subsequent agitation of the mash and the uniform ispersio 
inoculum. ^ . . jq Miter 

ICatziiclson prepared mashes of the following composi 
Erlenmeycr flasks: 17 8 g of coarse whole wheat (hus 15 

carbonate, and 100 ml. of water. The concentration o were 

per cent, based on a total mash weight of 118 8 g- ^ jvatznelsou 
cooked for 1 hr. with steam at a pressurc of 15 lb. per sq i • jj^gse 

reported that the ratio of surface area to volume pro , xjjyi alcohol 
circumstances produced higher jrields of 2,3-butane m ^ 

than were obtained w’hen larger amounts of mas wer 

the same size, , nf 2,3-b«tano‘^‘° 

pn CONTROL. — The optimum pH for the pro 0 per con 

and ethyl alcohol from whole Avheat mashes of appr 
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Table 101 — ErrEcr or Cooking Time and TEwrEiLiTfRE ov S.S-UrriM diol am» 
rTHAsni, Prodvctiov bt Baatlu* polymyxa C 3 ( 2 ) afttr 72 -iiR Fermentation 
ON 15 Per Cent Massi' 


Time of 
rookinji, 
hr 


1 

3 


H 

1 

3 I 1 M 1 r.o [ j fit [ 1 47 I J J 4 I 0 78 

‘UwnoHAM C A <1 A Aba** •«.! U Y 

roncrntrntion by It polymyxo, nppoar* tobcwilhm tho ranpr of 5.0 to fi 5. 

Tlip pn of unbuffcroil wboat maNlion clov* to nnitmlity (0.8 to 
7 0), ncconlinR to Ixslmsham and In'* av'ociatc*,’ but ilropn to 5.5 to 5 0 
duririR tlic formcntalJon «nlc.v« a nciilralizinR accnt riIiImI to tlio 
mwlium 

.Mtlionsh tbe pH of tlic fermentation ma«b may Ik> contro!lc<l liy 
several iblTcrcnt asentA, tbo uv* of calcium carlmnatc or ammonia appoars 
lo proibico particularly fa% ornbtc rr«u1t<' In tlic laboratory . the uvc of 1 
jKT cent calcium carbonate prevent* the pH from fallinR l»ehm 5 C to 5 S. 

Other carbonate*, fuch a* banum and macne^ium. are not a* efrectue 
n-* calcium carbonate when employ e<l at the Kime concentration, acconlinR 
to lANlincham. .Xdam*. nn«l Stanier.’ The u«e of macn'‘<mm rarbonale 
iT*ult« in a reiliiction of the butaneiliol ethanol ratio 

.\ilam* and Ia^Iic’ reportoil that tlie u»e of calcium carbonate on a 
commemal wale may offer certain di*a<l\antace* Tor example, they 
►tatiNl that the pH cannot l>e mamt.aiiie<I at a unifonn level ihroiiphotit 
the fermentation |vnt»l. that coohinc madie* which cnntnm calcium 
rarlxmate ha* an adverN’ effect <»n the Mil*wf|uent fcmit niation, and that 
the pre*<*neo of larpe amount* of calcmin cartKmatc in the unfcrmenti'd 
Ti'*»d\ie* lowetn their fruTil value for amroal* on arcwint of the larRcr tv.»h 
rontent* 

' l.Ti'iNc.inv, Antw*. Bn ! SnNirii. t.-w e»f 

• M.AVIA. C \ I) l.rAUC. r-n J^r F, 1» : 12 ( I9lft i 
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Adams and Leslie,* who studied pH control in relation to the B. 
polymyxa fermentation, advocated the use of ammonia because it 
eliminated the disadvantages resulting from the use of calcium carbonate, 
because it is abundant and relatively inexpensive, because it is ususliy 
free from microorganisms, and because it may be handled conveniently. 
They found that the maintenance of a pH range of 5.8 to 6.0 with ammo- 
nia was optimum. It was favorable for the production of 2 , 3 -butanedioI 
and ethanol; it minimized add production and decreased the amount of 
ammonia required. The use of ammonia did not affect adversely the 
butanodiol/ethanol ratio, which was about 1.5. 

TEMPERATunn. — Tlie temperatures most favorable for the production 
of 2,3-butanedioI and ethanol by' B. polymyxa appear to He close to 30*0 
Ledingham, Adams, and Stanicr* suggested that a temperature of 32 SX 
might be most satisfactory, while Ivatznelson incubated his mashes 
at 28®G. A temperature of 30*C. has been used most frequently in 
the investigations carried out by the Canadian National Research 
Laboratories. 

SURFACE-VOLUME RATIO- — Tho cffoct of tho ratio of surface area to 
volume of fermentation mashes was first investigated by Katznelsoa, 
who found that the yields of 2 , 3 -butancdioI and ethyl aicoho ViCte 
decreased as the quantities of mash in 4-liter Erlenmeyer flasks 
increased from 500 ml. to 2,000 ml. by increments of 500 mb The ra lo ^ 
butanediol/ctlianol was also found to decrease as the volume 
increased. The highest yields and shortest fermentation periods occ 
when the flasks contained shallow layers of mash ^ i k r' tzod' 

Adams and LosHo* have confirmed the observations ma e y 
son and made other significant contributions concerning the ® ^ ^ 

surface-volume ratio and reduced pressure on the fermcn 
polymyxa and A acroffoncs. As a result of many experimen s» 
that the yields of 2,3-butanediol and ethanol were jj^grobk 

which were fermented in shallow layers, both under ^50 

conditions. However, under anaerobic conditions (pr 2 , 3 * 

of nitrogen gasL the yields of ethanol were fgj.jj^entedin 

butanediol were smaller than those obtained from con ro 
the presence of air. . mmctbee/ferid 

The results obtained by Adams and Leslie in e 1” 

aerobic and anaerobic conditions are shown in e o portions of 
carrying out the tests that led to the results tabulated, d 


* Adams and Leslie, (oe. eit 

* Ledingham, Adams, and Stanieb, loc eii. 

* Katznelson, loe ctl 

* Adams and Leslie, op. eil., p. 107- 
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wheat mash, of 15 per cent concentration and containing I per cent of 
calcium carbonate, wore placed m 500-, 2,000- ami G,000-ml. Krlcnmeycr 
flasks, sterilized, inoculated with 3 per cent of inoculum (a 5 per cent 
whole wheat-yeast extract-calcium carbonate medium), and incubated at 
30®C. Nitrogen w as pas«cd o\ er the stirface of the mashes in one scries of 
e\i>erimcnts while the mashes of the control scries were allowed to ferment 
in the presence of the gases evolveil. 


Tm?le 105 — i:r»'rcTOK FER>fEsTiNO 300 uu or WiioLE-wiir^T Marii wmi R poll/- 
trujia wnr-R Altiobic and AvArRimic Conditions at Vinmrs Sikkacj- 
t’oWMr. llATIOS' 


Fcrmcn* 

tatinn 
jw-rioil, lir 

Surfftpe. 
cm • xol- 
iime, rol 

Ihilnneiliol, 
|>rr cent 

IhliAnol, 
per rent 

Total prixlupls 
per rent 

ItAtlO 

Air 

Nifro- 

pen 

Alt 

Nitro- 

gen 

Air 

Nitro- 

Ren 

Air 

Xitro- 

Ren 

3t 

0 10 

0 78 

0 93 

0 41 

0 S3 

1 19 

1 40 

1 00 

1 75 


0 no 

1 53 

1 30 

0 65 

0 S3 

2 18 

2 19 

2 35 

I 02 


1 32 

1 90 

1 02 

0 70 

1 07 

2 72 

2 09 

2 58 

1 31 

•18 

0 Kp 

1 90 

1 02 

0 St 

1 20 

2 SO 

2 SS 

2 33 

1 23 


0 on 

2 75 

2 51 

1 38 

1 77 

4 13 

4 31 

2 00 

1 41 


1 32 

2 01 

2 00 

1 33 

1 70 

4 20 

4 42 

2 20 

1 51 

72 

0 10 


2 03 

1 17 

1 20 

3 39 

3 2'.l 

1 90 

1 Cl 


0 fA 

2 93 

2 51 

1 3'l 

1 77 

4 32 

4 31 

2 11 

I 41 


1 32 

3 00 

2 00 

1 22 

1 70 

4 2S 

4.42 

3 00 

I 51 


> Sd*m*.0 a inlj n 1(IU« C4* /nr F. S«. 107 4lS4«> 


(Itlier exjHTiments carried out by Adams and I^'*hf imbratrsl that 
in.i'hes under an atmo'jihere of carbon dioxide frnnentnl at about the 
teime rate mgardless of the depth of the mrslitiin 'llo' fact that fer- 
mentation was inhdiitetl under auotmo“phen*of carbon tlioxnle in mashea 
with a large Mirface volume ratio, j»iigge<teil that nipid fenuentation of 
ma'lies in thm la\er« was <Iue to the e-eain* of cartKin dioxide. 

I n i.«Ts. or 111 DlTi I) rni-Nsriii s — Kxperimeiits were abo carrifsl out 
lix \dams anil 1 a “he to d<-tennine the efleet of nshinsi pre-'iire on the 
rate nf fermentation and yield «if pnidurts hy H pdymy/o from 15 iwr 
ifut whole wheat m.nshes T>p»ral results are phown in Table I(V» In 
g< nrrnl tbe ♦•fTert of tbe US'’ of low ptt— *un s was to rrsluro tbe fer- 
lueiit.aiiiin time anti tin* but.sntsliol Vihano] ratios rerinenintion-s under 
rtsbiisii pn-**ure wt re nlxiut P5 ist mil r»rmplete in lir . wberra" tbo^- 
ot ntmo*pbrnc pO'—uir wen- only olMwit fiO per rrnt romplrtr Iltbanol 
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j>roduction incrcftsed at the expense of 2,3-butanGdiol production; hoir- 
cv'cr, the combined yields of the t\vo products under reduced pressure 
approached the theoretical yield of 4.C per cent. It is noteworthy also 
that the pH dropped to a low of 5.78 in 24 hr. and then increased until the 


Tabi-e 100 — Ejtect of I{ei>i;ccp Puepsure o.v Rate of pEKiiENTAnov and 


Product Vielo nr B. polymyza' 


rcrmcn- 
tation , 
limp, Jir 1 

Pressure, , 
in. of 

Hk 1 

Butanediol, 
per cent 

Ethanol, 
per cent 

Total 
products, 
per cent 

Ratio 

pii 

21 1 

30 

0.85 

0.51 i 

I 36 I 

1.67 , 

6 17 


10 

1 GO 

1.14 1 

2. SO 

I 45 , 

5 73 

-IS i 

30 

I 7G 

1 03 

2.79 

1.71 

6 00 

I 

1 to 

' 2 44 

1.92 

4.30 

1.27 

5 SO 

72 i 

30 

2 -17 

1.52 

3.09 

: 1.62 



10 

2 61 

1 00 

4 47 

' 1 2S 


00 

30 

! 2 05 

1.73 

1 4.33 

' 1.53 



10 

2 52 

2.02 

' 4.45 

1.25 


120 

1 30 

2 70 

1.78 

' 4.54 

I 55 

5 


10 

2 52 

2 00 

4 58 




I Aoaw«. 0. A . »nd S D l.t«uc. C«n Xwwr*. *“» (liW- 


end of tiic fermentation, a fact that Adams and Leslie suggested 
due to the proteolytic breakdown of wlieat proteins to }ne tita 

AEHomc AXB ANAnnomc FBn«f:NTAnoss,-Tl» of ^ 

various gases tiirougli the fermentation medium was stu le ^ 
Aeration u ns accomplished bypassing 333 ml of gaspermmu 
mash through the medium. Tl>c gases used were air, oxyge » 
hydrogen, and carbon dio.\Klc. ^ 

Under aerobic conditions, which were obtained y Increased, 

o.vygon through the media, the yields of 2,3-butane control* 

but those of ethanol wore decreased in com^rison aeration 

wliich were neither aerated nor oxygenated. tlie formation of 

increased the butanodiol/cthanol ratio and the ra e o 
butanediol, but it did not shorten the fermentation pc pagsage o^ 

which were produced by tac p 


Under anaerobic conditions, ^ 


hat 


1 well? — ' -ere soioenn^*' 

nitrogen or hydrogen gases through the media, the rate of 

different. Both nitrogen and hydrogen gases 
formation and final yield of ethanol. ,, „„t whole wheat watW 

The results of the fermentation of 15 p Table 1^"* 

under aerobic and anaerobic conditions arc s use of carbon 

be observed from an examination of the a ® 

• Adams, G A , Can Jour Rritardi, F, 24. 1 (1&46 
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dioxide resulted in yields of bulancdiol and ethanol which were simUar to 
those obtained when nitrogen and hj'drogcn gases were used and that the 
fermentations were largely completed in 72 hr. 

KFFKCT OF AGITATION*. — Adams* investigated the effect of continuous 
and intermittent agitation by mechanical shakers on the production of 
2,3'l)utancdiol and ethanol by It. ■pohjtnyxa. lie found that continuous 
agitation inhibited the production of 2,34)utancdiol and ethanol (particu- 
larly the ethanol) and incrca*^! the bulanodiol/clhanol ratio. Ilc^ults 
with intermittent agitation were similar. 


T'Kii 107 — FrnMrvTATins <ir 15 Pea Cent \Viiotr-wiir\T Mash fspra .Vninnir 
AMi An^TBObic CosmtIona pT H ro/ymyrn* 




Butatieahnl, per cent j 

I.lhanol, jNT cent 

Orpinoni 

1 Aeration 
treatment ( 

Time, hr 1 

1 Time, hr 


1 1 

21 1 4S 1 72 W 

120 1 

' 1 

4S| 

”i 

W 1 

120 

CS (31 

1 ('ontrol 1 

0 7n, 1 S5, 2 4 1 2 CO 

2T0| 

0 45 

1 is! 

1 55 ' 

1 os! 

I fin 


; Air 

0 W, 1 91 2 6S 2 91 

2R^ 

0 44 

0 Sfi 

1 25l 

1 33 

1 31 


0, 1 

1 1 13 2 73 3 OC 3 01 

3 01 

0 42| 

0 95 ! 

1 04 

1 10 

1 O'! 


1 S. ' 

1 1 31 2 33 2 441 2 47 

2 4«i 

0 54*. 

1 ?2 

1 S.*!' 

1 87 

1 85 


CO, 

1 1 m| 1 93 2 40 2 52 

2 60* 

' 0 45 

1 23 

1 73 ' 

1 00 

1 81 


1 

0 93j 1 Wj 2 45j 2 59 

2 62' 

0 C5[ 

1 71 


1 01 

1 91 

Ct '2' 

Coiilnil 

0 CT: 1 471 2 15* 2 5l| 

2 7l| 

1 0 4o' 

0 SI 

I 23* 

1 51 

! 05 


\ir 

1 0 fill 1 3fi; 2 2x; 2 90, 

3 O'* 

' 0 30 

0 55 

0 W.' 

1 0.*i 

fl OS 


Oi 

1 02 2 03 2 2 t»V 

3 a',' 

0 3fi, 

0 5fi' 

0 so 

0 87| 

0 91 


' Ni 

1 1 lo' 2 471 2 Si' 2 49 

2 5l| 

0 73* 

1 7C 

1 sv 

1 m' 

1 8.3 


CO, 

0 70 1 fi2 2 35 2 4fi' 

2 5l( 

0 45 ] 

1 on' 

1 46 

1 02 

1 fii 


II, 

0 01 2 13 2 r,|| 2 5ll 

2 SlJ 

0 Sfi; 

1 41 

1 "s' 

1 'O* 

1 90 


• G A <«■» F« 91 1 4lOI*l) 


i.iTM-r OF lATTssiT \Ni» Will ST niscTiON** — llie nildition of 

NrjiAt ext met to a whi>!<-wh«'at madi m.ay flimidntc the pri'hirtion of 3.3- 
liut.nie<licil. nrronling to K.atznriAon * llie largr-l degn-e of «tinmlation 
wnA prixhietNl by 1 g of jt.-iaI t*\trart i>er 15 g of whole wheat In n 15 }*«t 
n'lit ms'li 'Hk* aAlniig of the ve.aAl extract ileAtrovnl Ua ptiimd.iting 
projwrtieA lAihtiRhum. .\d.Tm*. oml Staniet* ihnifUiAimte*! (refer to 
Table ins> that }ra«t rxtrart m 0 25 per rent concentration inrrra*e.l the 
xield of hulatifMbol and ethanol from whole-wheat flour and oilier wh'-at 

' l»iT»AriA<is Irtf nf 

• I Aeif /«e rit 
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fractions. However, it was found that a concentration of greater than ! 
per cent yeast extract could decrease the rate of fermentation. The use 
of 3 per cent corn-steep liquor produced results similar to those obtained 
witli the use of 0.25 to 0.5 per cent yeast extract. 

Taple 108 — ErrECT of Wheat Fractio.vs and Yeast Extilact ov FEBJrEvrATioA* 


Wheat fraction 


Whole-wheat flour 
Starch -f wash water 
Starch -f wash water + bran 

T\’holc-whcat flour 

Starch + w'ash water + br.an 

Starch + Avash water -h bran + half the fihitcn 

Starch + Acash water -f- bran + all the gluten 


2,3-ButanedioI + ethanol, 
per cent 


Strain 233b (2) Strain 51 CK 


Ye.ast extract added 


None 

0 25 
per cent 

Xone 

3 33 

3.56 

3 17 

2 40 

3 00 

2.56 

2 90 

3 26 

3.00 

2 78 

3 20 

3 12 

2 CS 

3 00 

2 D3 

2 71 

2 90 

2 82 

2 78 

3 01 

2 SO 


3 ^ 
300 
300 
299 


I LSDiMaiiAii, G. A , G A Ad lus. wid R. V Stakieh. fon. Jour Rtt 

As the result of research to determine which by 

wheat were essential for the fermentation medium, i "as jolublf 
Ledingham and his associates that the bran, shor s, jjo«- 

nitrogen constituents wore essential for a norma oo 

ever, it was found that the removal of gluten ha no p 
the results -...-tton of stircS"^ 

EFFECT OF GROWTH FACTORS OK THE FERMEN • partiaUj' 

Although wheat starch with inorganic supplemen s ^ 
utilized by B. pohjmyxa, Fratkin and Adams o the 

starch mashes could be fermente<l m a sa is a ^ gtarch-^hole* 

addition of suitable organic nutrients. For . sprouts or 

wheat-wash-water mash supplemented . j rpLits. The table repro* 
2.5 per cent of shorts appeared to yield e pratkin and AdaroS 
(luced below summarizes some of the findings o sprouts, shorts, 

respect to the use of various nutrients, sue a 
bran, cerogras, alfalfa, soya beans, >cast .viieat-wash-wator ^ 
in different concentrations, in starch-u o e* 
fermentations. _ , p 24; 29 

« Fratkin, S B , and G. A Adajis, Can. Jour Reoe . 
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Table ion — Errrcr or VAUinra Scppiements is Vabyiso Coscestil^tioss iv a 
ST^ ncii-Wiiotr-WiiE^T-WAMi-wsTiR Ma«h’ FruMrvTiTios* 




2,3-Ilulnnc<]iol + ethanol, per cent 


IVr cent 

48 hr. 

72 hr. 

OGhr. 

Control 


1 Cl 

2 ll'l 

3 52 

Malt uproiit^’ 





Strnliro-l 

1 0 

2'»3 

4 03 

4 21 

lln^criliitnl 

0 5 

3 43 

0 7f.* 

0 80» 

Shorts' 

1 0 

2 01 

3 Ct 

4 n 

Ilran* 

1 0 

2 ly 

3 57 

4 IG 

(VroRraA* 

1 0 

2 Cl 

3 Cl 

4 03 

Alfalfa 

1 0 

2 4y 

3 87 

4 OG 

Soya Ix’ans 

1 0 

1 43 

3 13 

3 80 

Ypnsl pxtmrt 

0 5 

2 72 

3 7r. 

3 80 

( om-*top|> litpior 

0 5 

2 W 

3 13 

3 At 

Mall )ij)r<inta 





StrriliiPil 

2 0 

3 14 

4 25 

4 45 

lln«trrtliirxl 

1 0 

3 Cl 

4 21 

4 11* 

Shorts 

2 0 

1 ys 

3 so 

4 23 

limn 

2 0 

2 ai 

3 M 

4 22 

(VroRnw 

2 0 

2 « 

3 S.> 

4 18 

Alfalfa 

2 0 

2 f»l 

3 77 

4 01 

Kjja l**’nn« 

2 0 

2 0.3 

3 AS 

4 12 

\pft.«t pYtrart 

1 0 

2 8.3 

3 75 

3 1>G 

Conintopp h-pior 

1 0 

2 47 

3 SI 

3 80 

Malt rjtrcmfs 

Stprili»p*l 

3 O 

3 41 

4 3C 

4 4S 

Cn'tpnhi'^l 

1 '► 

3 37 

2 40* 

2 S’** 

Shorts 

3 0 

2 21 

4 M 

4 2-i 

Itran 

3 0 

2 ft'. 

3 .M 

4 22 

r«Toj;rv» 

3 O 

2 *10 

3 K7 

4 17 

Mfalfa 

3 0 

3 17 

4 1.’. 

4 21 

Noti iK-nii* 

3 0 

1 «pi 

3 f.l 

4 ft*. 

\ra>t ritrarl 

1 3 

2 S7 

3 .’.S 

3 Si’. 

r,.rT>-t«-|. h'|-ior 


1 

3 ir. 

3 .17 




508 


INDUSTRIAL MICROBIOLOGY 


(1948) Fulmer, and Under!* 

i, i!!nL?nrf ^ t f” ‘■'U successful production of 2,3- 

tiutancdioi from mashes containing cornstarch and nutrients bvdce- 
iaciUus Volymyxa. The best medium contained 7.5 g. of commeml 
cornstarch, 0.5 g. of com gluten, 0.006 g. of potassium permanganate, aaJ 
as g. of calcium carbonate per 100 ml. The yields from this medma. 
(20.8 per cent 2,3-butanediol, 1.1 per cent acetoin. and 14.8 per ccal 
ethanol) were comparable to those obtained from com mashes of aa 
equivalent starch content. 

It ^vas found that increased yields of 2,3-butanedioI were obtained 
trom cornstarch and com mashea when 0.5 per cent of dried breucr*’ 
jeast Or malt sprouts was added to the com-mash inoculum medium. 

EFFECT OF GROWTH FACTORS AND NITROOEN SOURCES O.V THE FtR- 
.\rENTATION OF A GEUCOSE-iNORCANiC SALT MEDIUJI. — ^Tbe nutritioDl! 

requirements of B. pohjmyxa have been studied by Katznebon acd 
Lochhead * The basal inorganic medium used by them contained 1.0 
g. of K^HPO*, 1.0 g. of ICHjPO*, 0.2 g. of MgS04-7H,0, 0.1 g. of NaCl 
0. 1 g. of CuCl j, O.Ol g. of FeSO«-7HtO, 0.01 g. of MnSO.-lHA and 0 01 p 
of ZnSO^ in 1,000 ml of distilled wafer. The s-alt solution was filtered 
after being heated to boiling and 5.0 g. of e.p. glucose and 2 g. of vitamia- 
free casein hydrolyzate were then added. The pH was adjusted to 08 
The resultant medium was distributed into thoroughly cleaned and rin'sod 
culture tubes and sterilized for 15 rain, at a steam pressure of 15 lb. pors<i 
in. 

Studies concerned with growth factor requirements revealed that S2 
strains of B. polrjmyxa would grow in the medium described above onfv 
^vhen biotin was present, which established the essentiality of tbf'' 
vitamin The growth of some strains was stimulated by thiamia. 
whereas that of others was inhibited. Inositol, nicotinic acid, panto- 
thenic acid, pyridoxine, and riboflavin appeared to be without effect o'’ 
the growth of strains of B. polymyia. Yeast e.xtract, in a concentm 
of 3 g per liter, produced better grotvtb in the medium containing ^ ^ 
inorganic salts and glucose than all of the other growth factors e\amin^_- 
The nitrogen requirements of strains of B. polymyxo were j 

gated by Katznelson and Lochhead.* Although hydrolyzed ca^^jn c ‘ 
be replaced by ammonium sulphate, urea, and a mi.xture o « 
acids, these substances were in general inferior to casein h} ro ^ 
Asparagine and potassium nitrate were found to be poor 
nitrogen. Peptone and tryptone were about as elTcctnc a« J 
hydrolyzate as sources of nitrogen. Yeast extract produced « 

r. » r 22' 273 n“**' 

' Ka.tznelson, H., and A. G. LociniEap, Can, Jour. Restaren, , 

*Ibid. 
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ahundiint growth, part of which may be attrihufed to growth factors it 
contained. 

EFFKCT OF I) \cTEmoMiAOE. — The effect of bactcriophagc on strains of 
B. polymyia, particuJarly in relation to the production of 2,3-butan«liol, 
imsbeen studied by Katznelson.* Freshly isolated bacteriophages and an 
o)d mixed bacteriophage tthich could be separated mto eight distinct 
group*' based on differences in size and intem.al structure of the plaqur*, 
wore uM^l in the investigation, as well as S2 strains of H. j>otymxa {44 of 
tlu'tn frostily isolated). 

When the S2 strains of B. polymyia were tested with a mixture of all 
of the different types of b.actcriophagc, complete Iysi<» of C3 strain-^ and 
partial lysis of aW strains took place. There appeanxl to Ik* no relation- 
ship betweon the ability to produce 2,3-butanc<lio! and susceptibility to 
liactenophage in tlic cases of the strains of B. pohjmyza cxaminwl 

The effect of temperature on b.actcnophage was studietl by Kattnel- 
son,* who found that a tempemture of 55*C. for 30 min. inactivatisf it. 
However, it was aseertaine<l that bacteriophage m.ay lx* tran^mittiHl 
through bacterial spores and in one ca«e a temperature of S0*C. for 00 miti 
fniliHl to destroy it Temperatures sufficiently high to destroy the ba<*- 
teriophago abo destroye<t the spows of the strain of Ji polytnyxa (e-ttxl 
111 order to a\ old tlte serious pfoblem** n«<oeiated w jih barteriophage 
that might an^e in a proihirtion plant, Kairnebon nflroc.iti'd the iide- 
quate sterilization of equipment and matenab, the employment of 
iiM ptie techniques, an<l the u*-*' of cullim"* shown by carrful examination 
to Ik* fmi of b.'ieleruiphage and jionly«ogrnir lie nbo suggc.ste<l that 
-trams <»f It polymyxa Ih.ii formri! spores Ik* use<l nnd that the inoculum 
tK' pa*>tcunzetl As a furtljcr pft*e.iiition.srj' nie.a«ure, he suggrsteil thr 
u*K’ of on inoculum ront.nining a rnnibin.ation of three rc'>i-*t.nnl strains of 
ft jMlymyza when bacteriophage «a.s known to Ik* present Although 
mixtures \»f two or lliree highly n*sist.anl »trams ha%e produrisl gwni 
n~>vilts. a 1 ‘ingle susreptiblc strain Ii.is usually pro«fuee<l b'tlcr yiehb of 
2,.l-liutnutsiii)l The conibinalion of fm* or more ■‘trams tfor example, of 
two siisreptible nml tliree n“'i’'f.*i»t slraiiisi has not pnxluml a pwsl 
iiKHMihim 

fJiJir-n.xNT I'lionrrriov i vtT~A small-eale prts'e\< for profluciiig 
'i I'tuiiniusiiol li.Ts l«fyn dnyfilKsl by Hose ami bmg • Tijeir pro»birti»in 
umt li.as a r.np.irity for about ?•> g.nl of whole whmt mn*li jkt u«-ek 
luoi m viJsTiiT or Till, nnuixTSTiox -Mndtrs eonrenimg the bio- 
«lienM«trx- of tbe fermentation brouglit atxHit hv strains of Ji pi^yriyrri 

' K»TrsriA'is, fp nt . p 
' lUi 

*Uc^r D.fcMW fl Kisn. To., /.Vs-otA, r. U: rp 'lOf. 
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have been made by Donker' in 192C, by Stahly and Werkmnn’ in 1942, 
and by Adams and Stanicr* in 1945. 

Stahly and Workman^ grew JB. 'polymyxa in a medium containing 2 per 
cent glucose, 0.5 per cent peptone, 0.2 per cent dipotassium hydrogen 
phosphate, and 1 per cent calcium carbonate at a temperature of SO^C. 
For the fixation of aldehyde, 1 per cent calcium sulphite (CaSOj) was 
used. Stahly and Workman observed that the addition of acetaldehyde 
to the glucose medium resulted In larger yields of ethanol, acetylmethyl- 
carbinol (acetoin), and 2,3-butanedioi, and that the addition of acetic acid 
resulted in larger yields of acetoin and 2,3'butanediol, They were there- 
fore of the opinion that acetaldehyde was probabiy an intermediate in the 
fermentation. They also found that a low redox potential fa^'ored the 
production of 2,3-butanedioI, whereas a high redox potential favored the 
production of acetoin. 

Adams and Stanier* have prepared carbon balances for the anaerobic 
fermentations of glucose, xylose, pyruvic acid, and mannitol, using B. 
polymyxa, strain NRC 25. The following table siimmarires some of the 
information obtained by them concerning these fermentations; 

Table 110. — FEBjrENTAxroJf or Glitcose, Xtlo$e, Ptritvic Awp, and Mannitol 
BV B. polymyxa, Strain NIJC 25‘ 


Weights, grams 


Raw matoml 

Glucose 

Xylose 

PjTUvio 

acid 

1 Mannitol 

Amount raw material fermented 
Araoimts of end products formed 
2,S-butanediol 

Acetoin 

Ethanol 

Acetic acid I 

Lactic acid 

Succinic acid 

Carbon dioxide 

Hydrogen 

5 210 

1 700 

0 072 

0 881 

0 050 : 

2 542 

0 041 

4 202 

0 956 

0 062 

0 811 

0 120 , 

1 987 

0 046 

1 278 

Xonc 

0 255 
Trace 

0 455 
Trace 

0 605 

0 016 

2.037 

0 138 

0 008 
0.S18 

0 132 

0 570 

0 075 

0 727 

0 038 

Carbon recovery, per cent 

COs calculated/CO* observed 
fl, calculated/H* observed 

0/R index 

101 6 

1 020 

1 079 

0 983 

92 9 

0 938 

0 712 

0 960 

93 0 

0 974 

0 950 

0 97i 

lOG S 

0,973 

0 930 

0 969 


A..aaH Y. 


* Donkbb, op. cit. 

* Staiilt, G. L , ftnd C. H. Wbbkman, 

* Adams, and Stanieb, loc. ett 
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THE PRODUCriOX AXl) PROPERTIES OF 2,3-BUTAXEDrOL 5U 

Study of the foroRoing table will disclose iiitc«?sting facts regarding the 
relative weights and ratios of tlie products formed by the fermentations of 
the respective raw materials — glucose, xylose, pyruvic acid, and mannitol. 
The 2,3'butanediol/otbanol ratio may be computed by comparing the 
moles of butancdiol produced with (hose of ethanol. Since the molecular 
weight of 2,3-butancdiol is 90 and that of ethanol is 40, there would be 90 
g. of the former and 40 g of the latter produced when the ratio is 1/1. 

The authors suggested that pj’nivic acid was dissimilated anaerobi- 
cally by B. polymyxa according to the following scheme: 

cir, CO coon.+ n,o — cii, coon + ro, + ir, 

r}niUr.<-i.i ArrtiorKi 

2CII, CO coon 2C1I, CHO + 2CO, 

' * 2 rnVcno -» cTi*co*choii cii, 

Arrtthifh) ■!« Aceloin 

rnoDucTioN of acktone nv sriuiss of B. polymyxa — Rose* con- 
firmed the evidence presented by Donkcr* that acetone is produced from 
Tadi.e 111 — FEnuENT^TiON Pbodi'cts or Two Sthains or B polymyxa'-* 


I*ro<luct 

C2(3) 

C25 

Butanodiol 

45 5 

40 6 

Acetom 

2 8 

0 2 

Lthanol 

70 7 

83 2 

Formic acid 

1 2 

2 4 

Acetic acid 

14 0 

6 3 

Lactic acid 

3 2 

2 0 

Succinic acid 

1 8 

' 1 C 

Malic acid 

0 5 

0 2 

Carbon dioxide 

188 3 

200 7 

Hydrogen 

90 1 

07 9 

Acetone 

Tr{7) 

9 5 

Dc’ctrose fermented 

1 5077 

50C6 

Carbon recovery, per cent 

97 2 

98 3 

COi, enlc /oba 

I 013 

1 00 

lit, calc /oba 

0 998 

1 001 

0/R index 

0 987 

1 001 

Acctoin + diol . , , 

— — (by weight) 

Ethanol 

I 23 

0 96 


iRone D Can Jaur ffMrarcA, F, 34. 320 (I94«) 

I Yields eipreseed millimole* per 100 DuUimolesof deetrMefermeoted 

dextrose m small amounts by certain strains of B. polymyxa under 
anaerobic conditions The proceeding table from the report by Rose 
supplies data concerning the products and amounts of each formed by the 
fermentation of dextrose by tw’o different strains of B polymyxa. ' 

> Rose, D , Can Jour Research, F, 24; 320 (1946) 

*PONKER, op Clt 
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3. r/ic Ammmas Ilydrophila Fermenlalion.—Thk ferracntation b 
chamctcrizecl by tlio production of the levorotatory and meso forms of 
2,3-butanodio]. etluinol and lactic acid from sugars. It was investigated 
by Stivnicr and Adams/ of the Canadian National Jiesaarch Council 

THK OKcJANis.ir.~The fermentation describeci herem is brought about 
bj' Aeromonas hydrophila, a Gram-negative, nonsporeforraing, rod* 
siiapcd organism of the family Pseudomonadaceae. 

D.vsAL MimiUM, — The ba.«?al medium used by Stanier anct Adams 
contained the following ingredients; 1.25 g. of yeast extract, 1.0 g. of 
calcium carbonate, 0.025 g. of magnesium sulphate, 0,G5 ml. of 1,0 M 
phosphate btiffcr (pH 7.4), anil 250 ml. of tap water. The carbohydrates 
investigated were sterilized separately in concentrated aqueous solutions 
and were added to flasks containing the above ba.sal medium (after their 
sterilization and at tho time of inoculation). The concentration of 
carbohydrates used was 1 to 2 per cent. 

rnn.MK,NTATio.v cosvjTJOss.'^}\hrof'cn gas (free from ovygen) uas 
passed through each flask at a slow rate. Tho media were inoculatedat 
30’C. for 3 to 4 days. 

TRODUCTs OF FF.RMENTATios. — Tlic typcs of products foriKcd end the 
quantities of each may \>o ascertained by reference to Tabic 112 yrhieh 
summarizes some data obtained by Stanier and Ad.ams* in determining 
the carbon balances for the fermentation of glucose, xylose, and pyruvic 
acid by Aeromonas hjdraphila. 

FERMENTATION OF PYRUVIC ACID. — Stanier and Adams suggested that 
pyruvic acid was fermented by Aeromonas hydrophila in accordance uith 
tho three following reactions; 


3CfI, CO-COOfI + 3Il}0 — SCUyCOOU + SCO* + 6H 
Tyni'icawd Ac«ti« udd 

CH. CO COOil + 2ir — CII, CIIOII cooh 

lactic 

411 ^2Ht 

4. The Bamllm SuUtlis Fcnnenlalim —Sactllus euhtilis (Fords 
Strain) produces 2,3-butanediol and glycerol as the principal end pro 
when grown in a medium containing 3 per cent glucose, 1 per cen 
extract, and 1 per cent calciuoi carbonate when the p is 
within tlic range of C.O to 0.8, when the temperature is 30 • an '' 

conditions are anaerobic, according to Neisb, Blackv.o , 
ham.^ The 2^-butanediaI appeam to be a mixture of the levorotatery 
and meso forms in about equal quantities r^rmpiita* 

The fermentation is quite complex in that the coume of the ferm® 

' Stanish, n V . and G. A Adamb, Biodifn J<>«' . ■ Z« dW®’ 

•Kksk.A C„A C BeAeKn-o<«.,.B<lG A iemnonAn. 
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Table 112. — Feiimentatiov or Glvcose, Xtlore, and Prntrvic Acii> ly Arromotun 
hydrophSa} 



Glucose 

Xjlose 

r>nn 

le Acid 

Weight, 

e 

Xo. of 
moles/ 
100 

moles of 
glucose 
fer- 
mented 

Weight, 

e 

Xo. of 
moles/ 
100 

moles of 
xylose 
fer- 
mented 

Weight, 

% 

No. of 
moles/ 
100 

moles of 
pyruvic 
acid fer- 
mcnti-d 

Amount of raw material 







fermented 

5 -190 


i 010 1 

1 

3 530 


Amount of end product 







formed , 







2,3-nutancdiol 

I 502 

61 7 

0 030 

30 0 

0 125 

3 5 

Acotoiii 

0 017 

1 * ^ 

0 OCI 

2 6 

0 021 

0 5 

L'tliatiol 

0 730 

62 0 

0 coo 

48 0 

0 038 

2 I 

Acetic acid 

0 085 

! 4 6 

0 150 

9 3 

1 soo! 

74 8 

Lactic acid 

0 03'J 

23 3 

0 491 

20 4 

0 770 

' 21 5 

Succinic acid 

0 130 

3 C 

0 030 

] 1 



rot 

2 230 

iCC 2 

1 1 6St 

131 7 

1 470 

83 8 

Ht 

0 035 

! 57 6 

0 020 

53 9 

0 035 

43 G 

Carbon recover)', per cent 

08 2 

I 

00 0 


100 3 


COt calculate<i/COi ob- 







sen-ed 

0 007 


1 011 


1 oia 


II j calculated/ll j observed 

1 103 


1 120 


1 102 


0/U index 

1 021 


0 OSS 


1 052 


2,3-nutane<li*il cllimol 



0 8 i 


1 O'l 


(approx 1 

1 1 I 







■rTAKicii U Y . *&.< C l Adamo OuKhrm Jw St l«fl (IBM) 


tion mny In' ^ha^ply nltcrw! bj' nliat appear to Im rather Nmiill clianRe"* in 
the conditions of fermentation, ns for example, changes m the thiamin 
eonfent of iJic ntedium, tJjc pll, oxygen irlation^bips. or perhaps jn the 
htrains of the organism used.* 

nisTOKicxi, — Desmots m 1901 reporlc«I that II forme<l ncetoin 

when cnltnrtHl on metiia rich in carbohj drates I^moigne* in 1912 
^!l(M\e<^ that II. sublilis produce*! 2.3-butnnc«lio! m the fermentation of 

• Nri«ii, A. r., A (’ Hi.ArK«ooi>, smt Cl A LruixoM^ii, ftin. /our Rftfrtrrh, H, 
23: (tOtS) 

•I.ruoifssr. M , Compt rrmiu , 165: 7D2 (1012) 
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carbohydrate-rich media and that acetoin was produced from the former 
by bacterial oxidatioa. Friedemann found that lactic acid was the chief 
product resulting from the fermentation of a medium composed of glucose, 
meat extract, and peptone, ha\-iQg an initial pH of 7.G (buffered with 
phosphate). Acetic acid, formic acid, and ethanol were also fenaed. 
Gunsalis* has shorni that thiamin exerts a v'ery strong influence on the 
course of the fermentation. For example, he found that 70 to 90 per cent 
of the glucose of a medium was converted to lactic acid when the thiamin 
content was very small or absent, ^^*hen thiamin was added to the 
nutrient glucose medium, 2,3'butanedjol was formed in significant 
quantities (26 moles per 100 moles of glucose) and the yield of lactic acid 
dropped to SO per cent based on the glucose. The foregoing facts nill 
give some indication of the complexity of the fermentation. Keish, 
Blackwood, and Ledingham studied extensively*-* the dissimilation of 
glucose by B. subtilts (Ford’s strain). 

THE onoAKiSM. — Neish, Blackwood, and Ledingham* used in their 
studies the Ford strain of B, subhbs (X.C.T.C. 2586), which is stocked in 


the American Typo Culture Collection as No. 9789. 

THE iNOcuLUJi. — B. subdlis was grown in nutrient broth at 30®C. for 
24 hr. prior to use. Fermentation media were inoculated with 3 per cent 
of inoculum. 

EFFECTS OF coNDiTio.vs OP FBiiMEKTATioN’. — Fermentations were 
carried out by Neish, Blackw'ood, and Ledingham under a variety 


conditions and w'ith different results. . 

A medium containing 3 per cent glucose, 1 per cent yoast 
1 per cent calcium carbonate at a temperature of SO^C., and at a p o 
to 0.2, appeared to be especially favorable for the production o 
butanediol and glycerol when 300-mI. amounts in 1,000-rol. Erlenme)cr 
flasks were aerated with nitrogen gas at the rate of “I 
Under these conditions, 50 30 milUmoles of 2,3-butanedio > ^ 

motes of glycerol, 19.VG miW/moles of lactic arid, I2.8S 
ethanol, and 5.50 millimoles of formic arid were produce per 
moles of glucose dissimilatcd. Under the same 
the medium was aerated with bubbles of ox3'gen iws ca . - 35 

gas) 33.35 raiUimoIcs of 2,3-butanediol, 33.65 miihmo es 0 ® 
millimoles of ethanol, 4.99 millimoles of acetic aci , ■ 
glycerol, and small quantities of lactic, formic, an dioM'dc, hut 

produced per JOO millimoles of glucose dissuniiate • ^ 

no molecular hydrogen, was produced from the glucose m 


1 ^ T Rftrf ^ 43* (1.V443. 
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The effect of pll on the dissimilation of glucose is shown in tiic follow- 
ing table. It will be noticed that at the higher pll range (7.0 to 0 8) there 
were decreases in the quantitifs produced of 2,3-biitanodiol an<l gl3xerol, 
and increases in the quantities of ethanol, lactic acid, succinic acid, formic 
acid, acetic acid, and n«butyric acid in comparison with the amounts 
produced of these same items at the lower pH range (C 2 to 5 6) 


Tabi-b 113 — Effect op pK o'? tub Dissimilation or Glccobe'-*-* 


IVoduct 

Miitimolcs per 100 mdlimolcs of 
glucoxe fermented 

Grown at plf C 2 
to 5 8 

Grown at pH 7 6 
to 6 8 

2,3-lUit.inodiol ' 

5G 15 

36 16 

Aectom 

1 Trace ! 

Trace 

Glycerol 

26 28 ' 

10 39 

Etiinnol 

18 21 

28 70 

liBctic acid 

39 »3 ! 

53 OS 

Ruccinic acid 

Trace i 

5 0.5 

rormic aeitl 

9 97 

30 \A 

Arctic acid 

Doutitfiil 

3 OS 

n-Buljnr acid 

Doiif»tfu{ 

2 76 

Curtion dioxide {fale ) 

1 130 56 

101 01 

Oarlxin necotintcd for 

100 0 per cent 

1 97 0 per cent 

Glni'oAO dLA^imilnted (4 dftjaj 

1 73 7 per cent 

6.8 2 per cent 


I NUMI A C.A C nur«*ooB •«.! O A Ltpinan. m. Cok RrMrttk 8.11:7)0 <lMi) 

iMnli'iin Cilucoiw I ivr f»nt iiolAMlum<tib><lT«c>ii 0 %!<»■ rmi ilipolaioitim h> Jracm 

OejM'irfnt 002|vrr«ni rAMnn h>ilrol} titr Oli^rrvDL 

iCan‘\ninn» OrovD •! 30*<* withoot th« bII vu inn*ur*d »ttl< ■ kUm* rlM-lrmlr vTPry 

B to 10 br , «n<l Al1Ju•t(^l «i(b N •orliurn bFdrot»l« 

In general, a high pU lavorctl the production of aeuU anti ethanol 
at the e\pcn«c of the 2,3-butanciiiol and glycerol, while a low pll favoreil 
tiio produrtion of 2,3-biit.anedio} and gli-ccrol. 

A metlmm containing 1.0 per cent glueo<=e. 1 1 per cent peptone, 0 3 
per cent meat extract, and I 5 per cent disoduim lijtirogrn plio-phate 
(rnetlemnon'R medium), was fcrmentwl, without aeration at a temper- 
ature ot 30®(' and with an milial pU of 7 Gand a final pll of 0 0. re«ultr<l 
m the prinUictiun of 98 50 irulhmolrs of lactic acid anti 20 }3 millimoles of 
2.3-J>utnne<liol per 100 mdiimole^ of gluco-e di<«imilated, according to 
Ncidi. UlaekwiKxi. ami l/xlingham 

fi Thr Srrroftfi trinrcc 'rrn* f'rrmrnta/ioH This fermentation wsu« 
lir-l !*tii(rnsl l)>' PpiJerson and llreetl.’ They u'etl a tnetlmm th.at con* 

' I’n-ni-jN, C. s Bn<l U S llBEiP.Jour n.trt t«. K-t 
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carbohydratc-rich media and that acetoin was produced /rom the former 
by bacterial oxidation. IMccIcmann found that lactic acid was the chief 
product resulting from the fermentation of a medium composed ofglucMe, 
meat extract, and peptone, ha\-ing an initial pK of 7.G (buffered with 
phosphate). Acetic acid, formic acid, and ethanol acre also formed. 
Gunsalis* has shown tliat thiamin exerts a very strong influence on the 
coumoof the fermentation. For example, he found that 70 to 90 per cent 
of the glucose of a medium wa.s converted to lactic acid when the thiamin 
content was very small or absent. Wjicn thiamin was added to the 
nutrient glucose medium, 2,3'butancdiol was formed in signifleant 
quantities (2G moles per 100 moles of glucose) and the yield of lactic acid 
dropped to 50 per cent based on the glucose. The foregoing facts Tvill 
giv’o some indication of the complo.xity of the fermentation, Xeish, 
Illackwood, and Ledingham studied extensively*-* the dissimilation of 
gluco.«o by /i. suhlUis (Ford’s strain). 

Tiiu OKO.’VNis.M. — Keish, lilackwood, and LctUngham* used in their 
fitudic.'i the Ford stram of D subislis (N.C.l’.C. 25SC), which is stocked in 
the American Typo Culture Collection as Xo. SJ7S9. 

Tirt: tKocuLU.u. — U. subtilts was grown in nutrient broth st SOT. for 
24 hr. prior to use. Fermentation media were inoculated with 3 per cent 
of inoculum 

JiTFECTS OF C0KDITI0N8 OF FBnMKSTATiox. — Fermentations were 
carried out by Keish, Blackwood, and Fedingham under a variety 
conditions and witii different results. , 

, jinQ 


I per 

to 0 2, appeared to bo especially favorable lor the ptocmein^** >-* - 

butanedio! and glycerol when 300-mI. amounts in l,000-ml. Erenmey 

flasks wore aerated with nitrogen gas at the rate of 

Under these conditions, 56.30 railliroolcs of 2,3'butanediol, • ^ 

moles of gb’cerol, J9.90 miJlimoles of lactic acid, 12.88 mi ® .j|-_ 

ethanol, and 5.50 millimoles of formic acid were produce per 

moles of glucose dissimiiated. Under the same 

the medium w-as aerated with bubbles of o.vygon gas ms c. . -gg 

gas) 33.35 millimoles of 2,3^butancdioI, 33 05 mflhmolcs of areto 

millimoles of ethanol, 4.99 millimoles of acetic ‘ were 

glycerol, and small quantities of lactic, formic, an 

produced per 100 millimoles of glucose dissimiiatcQ. . ^ ^ 

no molcciflar hydrogen, .van produced from the glucose m 

* Gunsau«, I, C., Jour. Pact., 48: 261 (WM). ^ n045)- 

* Neish, BtACKWOOO, and Lbwnohaw, Setene^, • ^ 23: 29d 

* Neish, BEArKw-ooD, and LEonfCUAir, Can. Jour, es 
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The effect of pH on the dissimilation of glucose is sho^\n in the follow- 
ing table. It will be noticed that at the higher pH range (7.6 to 6.8) there 
were decreases in the quantities produced of 2,3-butanedioI and glycerol, 
and increases in the quantities of ethanol, lactic acid, succinic acid, formic 
acid, acetic acid, and n-butync acid in comparison with the amounts 
produced of these same items at the lower pll range (6 2 to 5.8). 


Table 113 — Effect of pH ov the Dissimilattov of Glucose*-** 


Product 

: Millimoles per 100 millimoles of 
glucose fermented 

Grown at pll 6 2 

1 to 5 6 

Grown at pll 7 6 
to 6 S 

2,3-IlutancdiQl 

56 15 

36 16 

Aectoin 

Trace 

Trace 

Gljcerol 

26 28 

16 39 

Etiianol 

18 21 

28 70 

IjActic acid 

30 13 

53 08 

Succinic acid 

Trace 

5 05 

Formic acid 

9 97 

30 14 

Acetic acid 

Doubtful 

3 OS 

n-Ihitync acid 

Doubtful 

2 76 

CarlHja dioxide (calc ) 

130 56 

101 01 

(’nrlKin accounted for 

100 Opercent 

97 Opercent 

Glucose dLsximilatcd (4 dajs) 

73 7 per cent 

68 2 per cent 


■Nfii>ii \ C A C DUCKVI-IOO tnlO A. Con Jont S.tS:C^(l94S) 

■Mnliiini Gluavsc 3 |<p( feat 0 3ra-i rrni dirmtUMum h>-Jrotren 

phmphaic OAlwrrrnl masnmiim itilfite h^rtahj-dralv 003 i^rrnt rawin h>iUi>I)i*t« 0 1 |«-r rmL 

• C'on'liliotu Uroirn al 30*0 «i(hAut arraUoo. the pll aaa mewgivi ocuh a dam deetmil* rrer> 

8 to 10 hr aad adjuitol ailh N atxliuni li 3 dro«)de 

In general, a high pll favorctl the protliirtion of acids and ethanol 
at the cNpcnso of the 2,3-hutanethol and glycerol, while a low pH favored 
the production of 2,3-butaiirdiol and gljccrol. 

.\ medium containing 1.0 per cent glucose, 1 1 per cent peptone, 0 3 
I>cr cent meat extract, and I 5 per cent disotlium hydrogen phosphate 
(rriedem.atm’R metlium), was fermentctl, without aeration at n temper- 
nturo of SO^t’ and w ith an initi.al pH of 7 0 and a final pH of 0 0, resultetl 
m tlie pnxluctjon of OS 50 millimoles of lactic acid and 20 13 millimoles of 
2,3-biitiine<liol |)cr 100 millimoles of glucose dis.similatod, ncccmling to 
Nrish. ninckwood, and lAxiinghnm 

.5. The Srrrnlin maref*ertin /’mficwf/ifioM — Tins fermentation wii.s 
first stiulietl hy 1‘txlersnn and llrectl.' Tlie> us<xl a methiim that con- 
' I'lurBsos, C. S. «n<t It .‘I Unrro./e-r Rnrf , 1« : ir%3 (lics) 
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lained 1 per cent peptone broth and 3 per cent glucose, and Tvhjch Tvas 
buffered ■with an excess of sterile calcium carbonate. Using culture no. 
1377 of S. marcescem, they obtained the following percentages of end 
products, based on the sugar fermented: 39.8 per cent lactic acid, 28 per 
cent carbon dioxide, 17.7 per cent acetoin and 2,3-butancdio}, 5.5 per cent 
acetic acid, 4.7 per cent ethanol, 1.3 per cent succinic acid, 0.2 per cent 

Tadj.e 114. — ANAEnoarc DissiMitATio.v or Glitcosb pt Serralia marcescens' 


Products 


MUlimoIcs of products per JOO millimojes 
gluco.se dissimilatcd 



Strain SI 

Strain S3 

Strain S3 

Stmin 89 

2,3*B(itancdiol 

Acetom 

Glycerol 

Ethanol . 

Lactic acid 

Formic acid . . 

Acetic acid 

Succinic acid 

Carbon dloiodc 

Hydrogen 

67 90 

0 25 

6 14 

40 85 

15 70 

48 50 
Ki! 

1 3 98 

' 103 8 

KU 

55 20 

0 SO 

4 18 

41 30 
26.50 1 
' 44 00 

■ Nil 

3 34 
102 5 

Nil 

51.45 

0 81 

4 54 
42 24 
33 00 

SO 80 
Nil 

1 3 41 

' loe 1 

0 52 

42.45 

I 14 

5 63 
25.99 
54.15 
27.60 

1 Nil 
; 18 80 

78 2 

0 27 

Fermentation time, days 

Glucose dfssimiliitcd, per cent 

Carbon accounted for, per cent 

O/B index 

17 

93 3 

01 4 

0 99 

12 

88 5 

93 0 

1 93 

9 

99 5 

94 6 

1 9i 

7 

99 9 

97 5 

1 01 

tNxiAR, A C,A C Bwckwoop. F At 

ROBKKTSOS. »nit 0. A LcDluoUiM. Car, /»W F'*"" 


B, 25:65 094 ?)- 


formic acid, and a small amount of hydrogen gas 

were produced by other strains of S. marccscens and S. i wo- 

Neish and his associates' investigated fermentations nroduced 

anaerobic conditions, using four strains of S. marccscens a ^ 

little or no hydrogen. They used a yeast extrac met lu 
1-Uter Erlenmeyer flask) that contained 5 per cent g u , - ^ 
yeast extract, 0.05 per cent potassium ^ magnesium 

cent potassium monohydrogen phosphate, and \).V pe carbonate, 

sulphate. This medium was buffered with 2 pc cen . (.pn- 

-separately steriliBed. Anaerobic conditions medium, 

tinuously passing oxygen-free nitrogen throng 

J Keish, a C , a. C. Bwcxwoop. P. M Bobertsov, and G. A. .au 
Jour Jiesearek, B, 26: 65 flfH7) 
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fermentations were carried out at 35®C. Results obtained are shown in 
Table 114 

Clarification of Mashes. — Strohmaier and Lovell* investigated the 
clarification of acid-hydrolyzed com mashes and the fermented mashes of 
the same type (glycol beer) by filtration and centrifugation methods 
They found that pH and temperature weie very important factors in 
connection with clarification The optimum pH depended upon the 
nature of the mash and was 5.0 and 6 2 with cooked (continuous process), 
unfermented mash and 4 8 for glycol beer produced on a pilot -plant 
scale The rates of filtration were highest, at a constant pH, at the 
highest temperature (210®F ) 

The clarification of com mashes by both filtration and centrifugation 
could be facilitated by adding small amounts of a swelling type of ben- 
tonite to the mashes at a pH of 2 0 to 3 0 and at high temperatures, 
according to the above investigators 

Recovery of 2,3-ButanedioI. — It is not a simple matter to recover 
2,3-butanediol from the fermentation liquor (beer), on account of its high 
boiling point (about 180®C ), its suspended and soluble solids, and the 
presence of nonvolatile substances 

Blom, Reed, Efion, and Mustakas*desciibed a process for recovering 
2,3-butanediol from fermentation liquors In their process, the beer is 
concentrated to a sirup in evaporators and then steam-stnpped at an 
elevated pressure in a special column packed with ceramic balls 

The recovery of 2,3-butanediol from glycol beer as formal has been 
described by Senkus.* A flow sheet for glycol recovery by his method is 
shown m Fig 70. 

In the laboratory, the fermented medium may be saturated with 
potassium carbonate and then extracted with n-butanol, or continuously 
extracted \vith diethyl ether by the method of Kolfenbach, Kooi, Fulmer, 
and Underkofler * 

Other methods for recovenng 2,3-butanediol have been reported by 
Liobmann,® Othmer, Bergen, Shlechter, and Brums,* Rose and King;^ and 
others 

‘ STROHMAitn, A J , and C L IvOvfij,, Ind Eng Chem , 38 : 721 (194G) 

» Blom, R H.D L Reed, A Efron, and G C Mustakas, / mt Eng CAem, 37: 
865 (1945) 

* Senkds, M , Ind Eng Chem , 38: 913 (1946) 

* KoLFENBAcn, J J , E R Kooi, E I Fulmer, and L A UNDF.RKOFLF.n, Ind 
Eng Chem , Anal Ed, 16. 473 (1944) 

‘Lubmann, a j .0,1 ASoap, 22 : 31 (1945) 

® Othmer, D F , S Bfrgen, X Shiachteb, and P F IJriins, Ind Eng 
Chetn , 37. 890 (1945) 

’ Rosv .Tnd King, loc cit 




■' 913 (t9t6).l 
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Determination of 2,3-Butatiediol. — The quantitative determination 
of the amount of 2,3-butanediol in a sample may be accompUnhed by the 
periodate oxidation method, winch was developed by Johnson, of the 
Department of Biochemistry at the University of Wisconsin.^ The 
2,3-butancdiol is oxidized by periodic acid to form 2 molecules of acetalde- 
hyde. The aldehyde is fixed or absorbed by bisulphite. The resultant 
aldehyde-bisulphite addition product is treated with alkali and the 
bisulphite determined by titration with a dilute iodine solution. 

Uses. — The uses of various forms of 2,3-butancdioI have been dis- 
cussed by Liebmann* and reviewed Rcncrally by Underkofler and Ful- 
mer.* Reference has already been made to its potential use as a source of 
synthetic rubber. In this process, the 2,3-butanc<liol may be converted 
to 1,3-butadiene by a suitable method, such as by the pyrolysis of the 
diacetate. The levorotatory form (d-(— )-2,3-butanedioI] is a satis- 
factory antifreeze agent, according to Clcndcnning.* He and Wright* 
reported that a mixture of 20 per cent of methanol, 40 per cent of butane- 
diol, and 40 per cent of water was suitable for an antifreeze at tempera- 
tures as low as minus 50*C Neish and MacDonald* described the 
preparation and physical properties of cyclic acetals and kctals that were 
readily derived from levorotatory 2,3-butanediol The 2,3-butanodiols 
(and their derivatives) have potential uses as solvents, moisteners, and 
softeners, as has been mentioned previously. 
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CHAPTER XXIII 


SOME MINOR BACTERIAL ACTIVITIES WITH INDUSTRIAL 
IMPLICATIONS 

Our consideration of the possibilities of utilizing bacteria inc/ustriai/y 
n*ould be unnecessarily incomplete if no mention was made of a number 
of processes, somewhat less sharply defined than those which have pre- 
ceded, but which have well-grounded industrial implications. Through 
further research some of these minor bacterial activities may assume con- 
siderably greater significance, although they may not supply a basic 
reaction for an industry and may not yield specific end products that can 
bo merchandised in pure form or in large quantity. Some of the bacterial 
processes here may prove to be contributor}' and useful as adjuactsin 
other industries. Olivers may aid the student to a somewhat clearer 
conception of processes long used in industrj* but in which the part played 
by microbic agencies lias not been well defined. In such cases it is still 
impossible to draw conclusions or make statements that can be regarded 
ns fix'cd and final 


ENZYME PRODUCTION BY BACTERIA 

Active enzyme production is recognized as a qu.ihfication of man) 
kinds of bacteria, but the field of industrial application has not bwn 
thoroughly investigated. As has been already pointed out in ear ler 
chapters, bacteria produce several enzymes, including those whic can 
hydrolyze carbohydrates, proteins, and fats and otherwise brea own 
complex substances. The first step in the production of enzymes is o 
secure cultures of bacteria that will grow profusely and pro vice m 
efficiently the particular enzy'me desired. Cultural conditions, ‘ 
the composition and pH of the medium, the use of sterile equipmen 
media, the temperature, the use of aeration, and other factors m 
carefully worked out and controlled. , t 

Amylases. Produclwn Studies . — The production o am 
bacteria has been studied by a number of scientists. Boi in a _ 

investigated amylase production by Baciltiis 

* Boidin, a., and J. Effbont, U.S Patent 1,227,3<'’4, I'l'iJ' ^2, 

Patent 1,227,525, May 22, 1917 
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Wallerstem,' and Schultz, Atkin, and Frey* have described methods for 
preparing media for use in producing bacterial amylase. Janke and 
Schaefer* have invesligaled amylase production by species of the genus 
Bacillus and two species of the genus Sarana; Tilden and Hudson,* by 
n. mnccrans and B. pofymj/ra; and Hockcnhull and Herbert,* by Closiri~ 
(Hum acclobulylicim. Bois and Savarj'* described the properties of the 
amylase produced by organisms of the genera Actinomyces and Phyto- 
monas Bcckord, Kneen, and Lewis* have described the production of 
bacterial amylases on wheat bran; and Beckord, Peltier, and Kneen,® on 
thm stillage Peltier and Bcckord,* Kneen and Sandstcflt,*® and Kneen 
and Bcckord** liave studied a large number of bacterial isolates to 
determine the quantity and quality of amylaso produced. 

IV'allcrstcin Procedure — ^\Val\cTStcin** has described a procedure for 
producing these bacterial enzymes, in particular, amylases The medium 
used may contain starch or the products of an enzymatically digested 
btarch; nitrogen from casein or from soybean or peanut cakes or other 
sources, hydrolyzed by means of enzymes or acids; mineral salts, such ns 
phosphatog, and potassium, calcium, and magnesium salts plus traces 
of iron and manganese; and water. Tlic medium, after filtration, sterih- 
zation, and cooling, is inoculatotl with a strain of B. subtilis. Best results 
are obtained when the inoculated metlium is poured to form shallow 
layers m trays (contained in largo culture vessels, each of wtiich may 
have a capacity for as much as l,QQO gal.), wlioii the incubation tempera* 
lure IS about 30*C , and when aeration is suppHwl Temperature and 
aeration must be controlled carefully, the aeration being strongest «t 
the beginning. Growth appears ns bacterial films. 

;V{tcr the maximum enzyme content has been obtainwl, m perhaps a 
week, the culture meilium containing the bacterial celK is cenlnfuged 
ut approximately 14,000 rpm to remove the bacteria The resultant 
liquor IS prc*-ervc<l by incubation at a low temperature or liv the use of 
eliemicid antiseptics 

' \Yai lvo-sTFIX, b , Itul Eng Chern , 31; |2IR (1019) 

’ iVm ITT, A , K Atkjx, nml (' N Furr, U.S- Patmt 2,l.'>'l,r>78, Mnv 23, 1939 

‘Jkxki, \ . nml U S< it \i.rFn. JJmn /(ntf . 11,102: 2U (llllO) 

‘Tiu.rs.b. It.nncU' S lb n-os. Karl , 43; r.27 l!n)2i 

• tbx Ki MU I U n J D , nml P. lIittftFiiT, Kiochrm /our . 39 • 102 (Itll’i) 

• lUiis, r, , ftjtU J Suaht, Tnn Jour KrarorrA. B,23: 20S DO).,) 

’ llic K«mi>. li I> , F. UxrrN, nn<l 1. II I/Fwls/nJ Eng Chrm 37; r.92 

• ll».< xoiu<, 1. I) , (I b I’l mra. nml n.K>rrv, / imI hng Cfcrm , 38:232 (1910) 

•I’riTiin.d b , nn<l b 1> Ur* kori», J<nir. K<irt , 80: 711 ilOl'ii 

•Kxn\,l .nnilU M Ss^^«TrDT. Kjnr^rtn . 9:23.'« UOini 

" K\ri s. b . ftii't b P llrr-xouti. .IrrA. Kioe8<>m , to (No It II (10lr.^ 

’> \\ *ttrH«Tris, liv rtl 
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)Yaldmann Process. — Waldmann* has described a process lor produc- 
ing amylolytic enzymes from mashes containing carbohydrate and nitro- 
pn. Bacteria of the B. mcscntcacMs or B. suhiilh groups are used to 
inoculate mashes that contain at least 40 parts of carbohydrate-con- 
tainingsubstanccs, such as starch, soluble starch, or starch decomposition 
products, for 1 part of assimilable nitrogen, such as ammonium sulphate, 
ammonium lactate, or other ammonium salts. Buffers, as for e-vampie a 
mi.vture of KHsPO^ and KjHPOi, are added to the mash to maintain the 
pH level between 7 and 8 during the growth period. ^Vir, in a fine state of 
subdivision, is passed through the entire mash for 2 days, after ohich the 
enzyme solution is clarified and filtered. Concentration is effected in a 


vacuum apparatus. It is stated that 3 kg. of the angina] enzyme solution 
is capable of converting 1,000 to 3,000 kg. of starch. 

Waldmann* cited an example of the process in his patent. In a vat of 
l.OQO-hectoIiter capacity are sterilized irith pressure 700 hectoliters of a 3 
per cent solution of starch that contains 0 02 per cent of nitrogen os 
ammonium sulphate. Eight parts of a mixture of KHjPO« and KsHP0«, 
of the correct proportions to produce and maintain a pH of 7.1 in the 
solution, arc added (dunng the cooling process) to the vat for each 3,WW 
parts of the starch solution. After the mash has been cooled to 28*0., H 
rs inoculated with amylaso-formingbacteria of the mesentencus group 
then aerated for 2 days, after which it is clarified and filtered. 

The vat may be constructed of aluminum or another metal protected 
by a coating of rubber or othenvise treated so as to render it inactne. 

The Production of Bacterial Amylases on Wheat Bron.-^Beckor , 
Kneen, and Le\vis® have described a laborator>' procedure for producing 


bacterial amylases on wheat bran, which is as follows: 

A mash may be prepared by adding 2.5 parts of dilute phosp 
buffer (1.5 g. of KHjPOi and 3.5 g. of KsHPOvSH^O per liter) to p r 
by weight of wheat bran (or other combination) in a suitab e wn a 
and autoclaving the mixture for 1 hr, at about 121 C. The p ^ , 

mash is initially approximately C-0. The steriUwd mas f 

with a suspension of isolate No. 23 of B. sublilis, incu ate a ^ 

48 hr. and then extracted vrith the phosphate buffer 
hr. at 30“C. There is added 1 ml. of a 20 per cent so 

for each 40 ml. of buffer. The precipitate and bran are s 

centrifuging, yielding a dear enzyme-containing cxtrac . L.r^gck' 

The conditions of production seem studied in further 
ord and his associates.® They found that Isolate o. 


> Waldmann, R , U.S Patent 2,302,079, Nov. 17, 
* Bfckord, Kneen, Lewis, toe. cii. 
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16 aerobic bacilli known to hydrolyze starch; that neither the concentra- 
tion of the inoculum nor its age had appreciable influence on amylase 
production; that subculturing more than once in a liquid mash did not 
stimulate production; and that amylase production w’as dependent chiefly 
upon the concentration of nutrient (wheat bran) present, the highest 
yield of amylase per unit weight of bran resulting when 1 part of bran 
to 1.75 parts of phosphate buffer was used. 

The advantages of producing amylases on wheat bran are (I) the 
large surface area available for the growth of the orgamsm, and (2) the 
fact that the material may be air-dried rapidly and rendered relatively 
stable.' 

Production from Thin Stillage — Beckord, Peltier, and ICneen^ have 
reported on the laboratory-scale production of amylases from thin 
stillage. The latter is obtained as a by-product of the ethyl alcohol 
fermentation of converted grains and contains water solubles derived 
from the malt-sacchanfied grains and the malt, gram fines, and non- 
viable yeast cells. 

The organism employed for amylase production by Bcckord and his 
associates* ^^as a strain of D iublths designated as Isolate 23, iihich has 
been described by Beckord, Kncen, and Lewis * This bacillus charac- 
teristically produced a pellicle on thm stillage. Amylases were produced 
by the bacteria making up the pellicle and secreted into the medium 
directly below’. Most of the enzymes were to be found in a rather narrow 
zone immediately below the pellicle unless the medium was agitated. 

Isolate 23 was cultured on peptone-beef-extract-agar slants. A loop- 
ful of the bacterial grow th was used to inoculate a 50-ml. portion of sterile 
thm stillage (at a pH of 7 to 8) contained in a screw -capped, glass bottle 
(6 X 6 X 14 cm ). After incubation at 37’’C for 24 hr this culture was 
used to inoculate the medium used for amylase production or to inoculate 
a second subculture. 

Beckord and his associates* produced amjdases from thin stillage by 
several methods: a shallow pan method, an agitation method, and a drip 
method In eacli case, the stillage was neutralized with sodium carbon- 
ate in such manner tliat the pH after sterilization was 7 to 8. 

In the shallow-pan method, the stenbzed thin stillage dispensed in lay- 
ers 2.5 to 3 8 cm. deep was inoculated and incubated m an undisturbed 
condition for G days. It was found that amylase activity (based on the 
dextnnization time in minutes at SO^C * began to decrease after G days. 

> Ibid. 

• ni-CKORD, li. D , Cl L PELTira, and E. Kkei^n, Ind Eng Chem , 38: 232 (I9JC) 

• Bfckord, Kneen, and Llw js, toe at 

• Ibid 
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In the ngitAtiori method, portions of thm stiWago too deep for cffidenl 
amylase production by the surface culture (quiescent) method were 
inoculated with the thin stniagc culture of B. subtUis (Isolate 23) and 
incubated at room temperature for 2i hr. Then a stirrer ^^as put into 
operation wlucli agitated the medium below the pellicle mthout dis- 
turbing tlio pellicle. This, of coureo, brought fresh medium into contact 
with the pellicle nnd removed metabolic products, A control, using the 
shallow-pan method, wascarriwl out at the same time. This method as 
superior to the quiescent methwJ. 

In tlie drip method, dcviseil by Bcckord and his collaborators, stonie 
thin stillage was permitted to drip at a controlled rate down over a column 
of moist poplar chips in a glass tube GO mni. in diameter and 1.5 meters 
long. The top of the tulic contained a rubber stopper through uhich 
four inlet tubes conducted (lie .stillage to the top of the column, and an air 
outlet. The bottom of the tube likewise contained a rubber stopper with 
an air inlet tube and a stillage outlet tube. The apparatus was sterilized 
with steam at atmospheric pressure for 3 hr. before use. After cooling, 
the chips were inoculated witli 500 ml. of a thin stillage culture grown 
for 21 lir. at 30®C. The tube was incubated for 2-i hr. at room tempera- 
ture to encourage the development of the organisms on the chip surfaces 
Six liters of sterdizod a heat-corn stillage at a pll of 7 were allowed to dnp 
through the four inlet tubes and dorni over the chips at a controlled me 
of 3 liters per day. Sterile air was p.isscd up through the tube. ® 
amylase activity of the portion collected after the first day 
equal to that obtained m 5 days by the quiescent medium methoo. « 
actiWty of (he portion collect^ on the second day was of the same 'a u 
ITowci’cr, rop.issago of these portions through the tube resuJte m 
prodvict of lower activity. • 

Attempts to produce amylase by submerged growth of t e org 
resulted in low activity cv'cn after a long period of incubation. 

It was demonstrated that shaking the culture at dai} 
encourage the formation of new pellicles did not increase o 
production. Replacement of tho medium below a pc w e w 
medium at daily inter\'als did not increase the total .^l\v 3 S 

produced, but it did increase the rate at wluch (he laasim i 
olitained. , , __Knecii 

QiiaUtadve and Quantitative Nature of Bacterial / ny 5 y 43 

lleckord‘ studied the quantity and quality of am> j^yj.gs of B 

amylnse-producmg cultures of the B. used for the 

polymyxa, and three cultures of B. macerans. ® '■ , exfnict- 

growth of the cultures of B. suhHIis was essen la ^ 

* Knekn K , and L. P Becroro, ^rcA. Bioctiem., tO ( o- 
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jwptono-phosphfttc medium which was prepared iis follows; Bran and 
distilled water wore mixed in the ratio of 1 part of the former to 20 parts of 
the latter (by weight), autoclaved at i5 lb. pressure for 20 mm,, and 
strained through cheesecloth. To each liter of the bran extract were 
added 10 g. of Bacto peptone, 0.7 g. of KiIIPOi’SHiO, and 0.3 g. of 
KHiPOj. After the constituents were dhsolved, 200-mI. portions were 
dispen.«cd into gla.*a culture contamers (to protluec a layer about 3 cm. 
deep) and autoclaved at 15 lb. pressure for 20 min. The medium uswl 
for the growth of D. pobjmyxa and IK m/iccrans was identical to the fore- 
going. except that 20 g. per liter of Caf’Oj were added for the purpose of 
neutralizing the «ci<ls produced d«iring the grow th of the.'c organisms A 
solid medium was prepared hy adding I 5 per cent of agar to the bran 
cxtract-peptonc-phosphatc broth. 

The inoculum for a 200-m!. portion of the al>ove-<!oj-cribed media 
was prepared by growing the oigani«m on a slant of the solid 
medium for 24 hr. at 3j*C and suspending the growth in 5 ml. of 
sterile water 

The bacteria were grown for 4 day^at 35*C. for the production of the 
maximum amylase content, according to Kneen and Beclcord.* 

Evaluation of dcxtrmizing and saccharifying activities wore earned 
out as outlined on page 530 

Cln$iificaiion. — On the iiasis of their starch dcxtrmization and 
saccharification actions. Kneen and Bcckord* classified the nmylaso- 
produeing organisms that they studied into four groups These were as 
follows; 

Group 1 li. subtihs (saccharifying t^iie). The production of amyl- 
ase vanes from little or none to relatively large amounts. During the 
period of starch dextrinization, but little sacchanfication occurs; how- 
ever, saccharification is pronounced dunng the postdcxtrmization period 
The iovci of the coniTrsion of starch to sugar may be high. An inhibitor 
present in wheat retards the action of the amylase The bactena of this 
group may be isolated from plant materials 

Group 2. B. auhtihs (nonsacchanfj'ing or «-amyla.'-e tj’pe) Large 
quantities of characteristic o-amylasc arc produced by organisms of this 
group. The enzjme seems to be much like the commercial tj-pe of 
bacterial amylase. Bactena producing this type of amylase maj’ be 
isolated from ropy bread. 

Group 3. B pohjmyia. The amylase or amylase system possesse.*! 
starch-degrading abilities like tho^e of an extract of barley malt. The 
level of fermentable sugar production is high during both the dc.xtrini- 

‘ Kneen, E , and L. D Blckoro, Areft BioeA«m , 10 (Ko I): 41(1946). 

Uhxd. 
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zation and postdextrinization periods and conversion comparable to that 
produced by malt is obtained. 

Group 4. B. macerans. The starch is con\'erted initiafly to “Schar- 
dinger dextrins,” which are nonreducing and nonfennentable, but there 
follows a progressive production of fermentable sugars. High levels of 
conversion may be obtained as a result of using high enzjTne concentra- 
tions or sufficient time. 

Evaluation of Dextrinizing Activity . — The dextrinizing activity — the 
time in minutes required by the enzyme to hydrolyze 20 ml. of 1 per rest 
gelatinized starch to the point where a red-bronm color is produced with 
iodine — was carried out by Kncen and Beckord/ using a modification of 
the Wohlgemuth* method. In carrying out the test, a 20-m]. portion of 1 
per cent boiled soluble starch is buffered to a pH of 6.0 with phosphates 
(3.0 g of KHsP 04 and O.G g. of KsHP 04 * 3 Hi 0 per liter). In their 
studies concerned with the production of amylases on wheat bran, 
Beckord, Kncen, and Lewis* added a lO-ml. aliquot of a L50 extract 
(50 ml. of extractant per 1 g. of drj' bran) of the bacterial bran to the 20 
ml of soluble starcli. In their studies with Dquid substrates, Kneea and 
Bcckord added 10 ml. of enzjTnc preparation to the soluble starch of 
which 0.5 to 10 ml. was enzimie-containing substrate. The conversioa 
temperature was 30*C. 

Evaluation of Slarch^cacchan/ying Activity . — The following procedure 
was used by Kneen and Beckord* for evaluating the saccharification 
actirities of amj’lase preparations: In brief, it consists of measuring c 
carbon dioxide produced during the yeast fermentation of the 
products resulting from the action of the amylase on soluble ^ 

conversions, fermentations, and gas measurements are earned ou^^ 

, ■ . of 


KaCl 0.04 g. of Mg. SOvTHjO, 0.04 g. of KH^PU, O.uu g. ' 
SHjO, and 0.03 g. of dextrose (used to accelerate the 


added to each of the cups of the pressure-meter. The amy lumeof 
ing extract together mTh enough distilled watertomakeato a o ^ 
10 ml. are added to the 15 ml. of nutrient starch solution esen 
The mixture is incubated at SO^C. for 1 hr. 5 ^ q(^0S g- 

prepared to contain 05 g. of compressed bakers yeas » 

Shiamin. and O.OOOOS g. rfpyridoxine am added, the top of the pressu 


* WoHi^EVUTH, J., Biochem. ZnU, 1 (1908). 

* Beckobo, Kneem, and Lewis, /«. «/- oca/io'^41 

< Sands TEDT, R M., and M. J. Bush, C««ol t • 
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meter is affixctl, and incubation carried out at 30°C. The pressure is 
cciualized at the end of 5 min. 

Alpha-amylase. — The alpiia-amylasc pro<luced by B. suhhlis has an 
optimum pll of G.5 to 8,* is active at relatively high temperatures, 75 to 
80®C. (even up to 95®C.), and may resist a short boiling in the presence 
of starch when the pH of the medium is 7 to 8. Alpha-amylase is the 
main amylase of bacteria. This enzyme is dextrinogenic 

Uses of Bacterial Enzymes.*-’ — The amylases and proteases produced 
by bacteria may be used for the same general purposes as those produced 
by molds (see Chap XXXIII). Bacterial amylases may be used for the 
desizing of textiles; in the preparation of sizes for paper; for the produc- 
tion of starch-conversion products of low fermentability, ivbich arc 
occasionally used in the brewing industry; in the liquefaction of immaltcd 
cereals; in the clanfieation of beer; in the preparation of chocolate sirups, 
in which case the chocolate starch is dextrinized and thus the sirup does 
not become thick; and for other purposes. 

Bacterial proteases may be used for the unhairing and bating of hides; 
for the degumming of silk; for desizmg acetate rayon wlicn the size is 
made of gelatin or ca'>ein, for the separation of silver from photogr{iphic 
films by digestion of the gelatin of the film and liberation of the silver 
salts; and for other purpo«cs 

RIBOFLAVIN PRODUCTION 

The production of ribofl.avin (vitamin G) by bacteria of the acetonc- 
but.anol group has been do^cnbcd by Yamasaki,* by Meade, Pollard, and 
llodgcrs.* by Ixiviton,* and by others. 

Briefly, the process involve.^ Ibc selection, preparation, and steriliza- 
tion of a suitable carbobydrate-cont.aiiiing marii; the addition of a buITcr, 
such as CaCOj, prior to or during the fermentation , the inoculation of the 
mash with a pure culture of Clos(ri<lium acrlt^utyhcum or rclateil organ- 
ism, and incubation at 37 to *10*0. for 18 to 72 hr. 

A fairly large number of raw materials may be U‘>ed for the fermenta- 
tion. Yamasaki.* for example, mentions m his patent the ii-^ of ma.<<hes 
prcpare<l from barley, corn (maize), millet, oats, rye, and t-orgbiim (tliew 

‘ \Vm I rn^rriN, /«■ ett 

• Wni.MiAN, J J , At)«iraPt5 of CommiinWlion*, Tliml hitpm-\Uon-»l f’onRrrM 
of Micn.l.ioloKA, p Now York, Srpt 2 9. 1039 

• ^ 1 . f S I’nlrfil 2,297,r.7l, Jvpl 29. 1012 

• M» \iir, IL J. , 11 1. Pol UAnn, and N IL Hoihji rs, f s Pntonl 2,3ri9,<>.S0, Ff 1> 
20, I0t.’> 

‘ l.fA rroN, A , Jour. dm. Chrn. Ro<* ,68: 835 RIO (19101 
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t/-Arabonic acid* 

f-Arabonic acid* 

rf-Xylonic acid* 

icu iBoaacE Thev* 

d-Rihonic ac/d* 

Ps. fragi 
}‘s graveolena 

Ps. sj/Tixanika 

Ps vendrelh 

Ps. jiumvseens 

I PS- /fOfft 
' Ps ffiiU^nberffn 

Ps puUda 

Ps synxantha 

Ps veniirelh 

Ps. Huorescens 

Ps fragi ; 

Ps graveolens 

Ps. mildenbergii 

Ps. avails 

Ps. pulida 

Ps. JluoresceTis 

I Ps. fragi 
' Ps. graveolens 

Ps, irtildeniergii 

Ps. ovahs 

Ps. pntrifaciens 

Ps synxanlha 

Ps. vendrelU 


(No 5J.5Sr(/wflr ‘ 

! Jil'l"'” f!"!!'"®'! t ‘*'*^*b.ao«e per 100 ml. 

, , ~ • ‘ per 100 ml. 

, . '100 ml 

too mi 


fscuiomoms ivcro found to ox-idize lactose and maltose, but their rote of 
oxidation was too slow to be of interest. 

Inocvilums \vero prepared as follows. A 24-hr. culture of Ps. grateih 
lens {or other species), grown in 8 ml. of a Hver c.\tract medium con- 
taining 0.2 per cent of glucose, was used to inoculate 100 ml. of fermen- 
tation solution in a Pyrox tube fitted with finely porous stones for aeration 
purposes. Each tube also received 1 ml. of a sterile (20 per cent) urea 
solution and 2.5 g. of sterilized, dry CaCOi at this time. The tubes were 
aerated with 100 mi. of air per minute while being incubated at 30*C. 

The fermentation medium contained per liter about 100 g. of the 
sugar, 0.6 g. of KHjPO*, 0.25 g. of MkSO< 7H20, and 5 ml. of corn-steep 
liquor. 

In carrj'ing out fermentations with the rotarj’ fermenters, 100 ml of 
inoculum, prepared as described above, was used to seed 3,000 ml of the 
sterile fermentation medium in a drum. During the fermentation, the 
drum received 1,200 ml. of air per minute, while being rotated at the rate 
of 9.5 r.p.m. The temperature was maintained at 25'^C 

At tlie completion of fermentation, 100-ml. portions of the culture 
liquor were filtered and dried by lyophilization and analyzed. 


FERMENTATION OF CELLULOSE 

A knowledge of cellulose fermentation is especially important to the 
soil microbiologist and to those interested in the microbiologj* of textiles 
(Chap. XXXVII) and wood (Chap. XXXVIII). In view of the occur- 
rence of such large quantities of cellulose m nature, and especia ly m 
plant foods of animals, it is somewhat surprising to find that the emyn> 
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“cellulase" appears to be ab'?cnl in herbivores and other mammals. 
However, cellulosc-fcrmcnting bacteria arc invariably found in the intes- 
tines of herbivores, and even, occassionally, in the intestines of human 
bcinRs. Some types of cellulose can thus be made available as food for 
animals having a vegetarian diet. 

Cellulose fermenters may be dividc<I into two main groups, the 
aerobic organisms, including both liactcria and fungi, and the anaerobic 
or microaerophilic bacteria, which usually include the tjTies found in the 
intestines. Bacterial tj^pcs capable of attacking rcllulo''C belong to si.v 
principal genera; CelMomonas, small Gram-negative, nonsporeforming 
rods; Ct/fopftn{jia, long flexuous roils; Ccflritn'o, Ccff/afcicidc, Clostridium, 
and AcUnomyccs. 

Cellulose-fermenting organisms arc also found m the soil, in some 
surface waters, especially in the deposited material at mouths of slow 
Streams, in fermenting manure, m compost he.aps, in dccajing saw- 
dust, etc. 

The breakdown of cellulose to gIuco'»e is the result of two enjymcs; 
cellulaso and ceUobiase C'cllulase converts rellulo'e to fel)ob>o<e, wliilc 
ccUohiaso com'crts cclloliiovc to glucose. This breakdown may l>c UUiv 
troted by the following sclicme ' 
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Tlie end prisiucts formed de^Mmil on the organisms and the eonthtnms 
of tlie fermentation t)mchivn'«ky workcit many yearn ago with two 
sjxirefonning anacrolics One of llic-c productnl pnnnpalU fatty nriils, 
rarlxm dioxide, and methane from relliihw, while the second proiluccrl 
fatty nnds, c.arl*on dioxale, and hydrogen Kluumne reporteil the 
prisluetion of arelio and luilyrie acid*, ethyl alrobol, earlKin dioxide, and 
Indrogen l»y /{. df«»«uenJ« (Ci. disrolirns). 'Hus frrmetilalion 

‘ ir, V J , ' I unitMnrnlM l‘r\»veu‘t^ ef fturtrrxileRj M e<l , 

IV-.k <o^nJ«^nv. Inr . \>» tort, I9^^ 
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is a stage in the natural process by irhich methane is produced in muds 
and silt and in sewage sludges from cellulose, 

Virtanen* has demonstrated that much of the cellulose of finely 
di\dded wood may be fermented by enriched cultures of thermophilic 
cellulose-fermenting bacteria. For example, 33,9 per cent of the cellulose 
found in birch dust was fermented in 10 to 14 days at Orc. The amount 
of cellulose fermented is proportional to the fineness of the wood dust. 
Virtanen is of the opinion that cellulose js not chemically bound \nth 
lignin in wood. 

Considerable research has been undertaken by BorulT, Buswell, Levine, 
and others concerning the utilization of ccllulosic wastes for the prodoc- 
tion of fuel gas. Cellulose fermenters arc important in these femenUi' 
tions, which are anaerobic in nature. 

For a further study of the fermentation of cellulose, it is suggestid 
that the reader refer to some of the publications cited at the end of the 
chapter. 


SILAGE 

Silage (ensilage) is the fermented product made in silos for cattle food, 
Although it is most commonly prepared from com, various other sub- 
stances, swell as sorghum, sunflowers, clover, alfalfa, peas, soybeans, oats, 
rj’e, and wheat may be used successfully, pro\idcd certain psecautioca 
are observed. Forty to sixty pounds of molasses per ton of silagCi 
green corn, is usually mixed with most of these plants, excepting sorghum 
and sunflowers. 

Procedure. — Com is harvested and fed into a machine that cu s 
it into small pieces and blows them to the top of the silo Thei e 
at the top of the silo may or may not contain a device for distn u mg 
the com evenly around the silo. The corn is spread uaiforna j 
tramped by men. A fermentation, which is primarily a lactic aci c 


mentation, ensues. . • ^ 

Harvesting the Com, — Com should be harvested* when i j.g 
approximately 30 per cent of dry matter. It is usually sev era ' 
after the com has reached its maximum fresh weight be orc i 
this amount of diy matter During the latter part of the growing 
the increase in dry matter occurs principally in the ears. usually 

If the com contains over 3t> pear cent of dry matter, it jn 

keep as well m the silo, for, owing to difficulties in appear, 

distributing it in the silo, and in packing it, air spaces are i 'e y 
1 Virtanen, A I , Abstracts d ComBKi»icat«>r^T Third Intcmati 
of MjcrobioJogj', p 333, Nev; York, Sept. 2-9, 1939 

* Nevens, tv B , III. Agr. Ezpl. Sla Cire.. 463, NoN-ember, 1 
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Molds frequently grow in these air spaces, spoiling the product. On the 
other band when tlio dry' matter content is much less than 30 per cent, 
there is usually a loss m tlie future feeding value of the product. 

Packing the Silage. — Silage is packed to exclude the air, which favors 
mold growth and subsequent spoilage. 

If the com contains more than approximately 35 per cent of dry 
matter, water should be added to aid in packing it more closely. The 
incoming com should be spread evenly around the silo by means of a 
special distributor as it enters, ance ordinarily there is a tendency for the 
dry, light portions of the com to accumulate at a point which is farthesi 
away from the com inlet and since it is difficult to pack such corn without 
leaving air pockets. It is important, likewise, to guard against uneven 
settling of the corn in the silo. Accordingly, at least two men should 
tramp the corn. 

\Vhcn the com contains less than 35 per cent of dry matter, packing 
IS not a special problem and it is unnecessary to add water A higher 
acidity develops in silage prepared from immature com. 

Fermentation. — During the fermentation that ensues, acids and 
alcohols are produced, as well as esters At least 1 per cent of acid is 
formed, lactic acid being the main acid Acetic, propionic, butync, and 
sometimes formic acids are produced Besides smaii amounts of ethyl 
alcohol, traces of the higher alcohols may be found. 

JJacteria, yeasts, and molds may be found in the ensilage. Normal 
fermentation is brought about by the lactobaciUi, especially LnctohactUus 
bulgancus, while certain other bacteria produce lactic acid m small 
amounts The acid formed during fermentation inhibits the develop- 
ment of those types of bacteria which normally bring about putrefactive 
changes. Members of the colon-acrogcncs group of bacteria occasionally 
produce gas in silage Yeast-like on^anisms are found during the early 
part of the fermentation — they arc usually members of the mycoderma 
group Molds develop only in the presence of oxygen. Consequently 
the spoilage of much silage by molds is unnecessary. ^Vhen it occurs it 
usually indicates a lack of proper care in pocking or covering, or a defec- 
tive silo 

In some instances, silage has caused serious poisoning when fed to 
livestock. It has been shown that Clostruliutn boluhnxim is u<;ually the 
cause of such forage poisoning. 

Lack of sufficient sugar for the proper grow th of the lactic acid bac- 
teria, or the development of thermophilic bacteria, in silage sometimes 
leads to the production of so-called “sweet rilage ” 

Use of Molasses in Grass Silage. — The subject of the use of molasses 
in grass silage preparation has been re\'iewed by Bender (1948) 
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MICROBIOLOOY OF lEATHER MANUFACTURE 


The essential steps in preparing fresh skins and hides for leathei 
include presentation, soaking and fleshing, unhairing, “scudding," “bat- 
ing," “drenching," pickling, and finally tanning and finishing. Obvi- 
ously, there are many methods and modifications used. In several of 
tfiese processes microbiofogtcal activities are implicit. The subject Miff 
bo discussed very briefly. 

Skins and hides as removed from animals are richly supplied uith 
microbes, which if unchecked would rapidly injure or destroy the tissues. 
Iloiver-cr, this activdty can be lai^ely pre\'enfod and the leather-making 
material may bo preserv'cd by salting (curing), by drying, by combiniag 
drying and salting, by pickling, or by use of disinfectants. The first of 
these methods is most commonly practiced. 

Soaking is carried out to remove blood, dirt and manure, salt, and 
other soluble material; and at the same time to “plump," or swell, and 
to soften the skins and hides by absoiption of water. During soaking 
there is danger of undesirable bacterial action unless controlled. By 
keeping the soak water cool (i.e., below optimum temperature) and l^y 
changing it several times, bacterial growth may be somewhat inhibit^. 

In the so-called “fleslung" of hides, adipose tissue and other unde8J^ 
able portions are trimmed from the hides. 

Various methods are employed for unhairing the skin or hide. . ® 
oldest method, tlio hides were placed in a sivcating chamber, where e 
humidity was high and the atmosphere warm. Bacteria 
the surface, especially 

solution of some of ' ' ' 

This process was commonly employed with sheepskins, and tiie 
could then be “pulled" in intact form. Sweating 
controlled only wth difficulty, and consequently the hides or s . 
injured, many of them severely. Lime pits or saturate 
baths have been more commonly used in unhairing processes, 
being swelled and hair sheaths dissolved at a pH of about , ^ 


to Wilson. ,, 

Limeu'ater containing sodium or potassium sulphi ® ° .^5 or 

tory compounds, a sodium sulphide and hme paste, a a < 
enzymes, which may include pancreatin solutions, processes, 

proteases, have been used at various periods in u air 
The most recent trend is toward the use of enzymes. 

The loosened hair, sebaceous and sudoriferous g o 
lime soaps formed, and other material (not a P^ ° a 1^^^ 

removed by scudding, or scraping with a tool comp 
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knife or drawshave with a smooth but dull edge. The skins or hides that 
liave been limed contain lime salts that must be removed It is also 
important to remove all other matenal eveept the collagen fibers that 
make up the firm tis'siies of the different layers of the skin Tins removal 
is accomplished by bating 

Bating is an enzymic process lor bringing about physical and chemical 
changes in the hides or skins, in which neutral salts may or may not be 
used The oldest methods consisted m using infusions of dog manure, 
known as "puring,” or of pigeon or foul manure, loiown as “bating,” 
It was shown by Woo<l that the effective action of the dung i\as due to 
the cnzjTnes contained in it — lipase, rennet, and peptic, trj'ptic, and 
amylolytic enzymes Later pancreatic enzymes or other enzj’me 
mixtures were substituted for the dung bates. In this process, the pH is 
usually slightly on the alkaline side of neutrality. 

During bating, tho enzymes cause the removal of the coagulated or 
coagulable proteins of the hide, the dissolved keratin, and reticular 
tissue. The skins are partially dcliroed, grain roughness may bo removed 
to some extent, and the stretching ability of the elastin fibers of the skin 
is restored ‘ The last three of these changes may be brought about by 
the use of lactic acid or ammonium chloride. The pH is likewise adjusted 
during bating. 

The skins of sheep, goats, and calves are sometimes “drenched” in 
a bran infusion. Bactena ferment the carbohydrates of tho bran with 
the production of organic acids, especially lactic, and gases. Drenching 
is effective because the lactic acid forms easily soluble lime salts that can 
be washed out and thus prepares the skins for the eventual process of 
tanning The hides may be pickled m a bath containing dilute sul- 
phuric acid and sodium chloride previous to tanning. 

CURING OF TOBACCO 

Tobacco undergoes a senes of curing treatments before it is manu- 
factured, in order to improve its texture and aroma Whether these 
changes are to any marked extent the results of specific bacterial fermen- 
tation has been a subject of discussion for many years. It is now 
generally believed, as a result of the evidence accumulated over many 
years, that the principal changes taking place during the curing proce^s 
are largely the result of the action of the enzymes, especially the oxidases, 
present in the tobacco leaves and not dependent on bacterial action. 
Nevertheless, the changes induced by the large number of bacteria present 

> XtcbAUGiruN, G D , J. H Hiokberoer, F. O’Fiahertt, and K. Moore, 
Jour. An Lfalher Chen Assoc , 24; 339^79 (1939) 
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might easily scn-o as a contributory factor in the ^v’hole process. A fen 
earlier studies indicated that the finer qualities of tobacco irere the results 
of the action of specific types of bacteria. This seems ne^'cr to have bee» 
confirmed by carefully controlled and adequate research. 

After harvesting, the tobacco leaves are dried, piled in heaps, mois- 
tened (sometimes with dilute solutions of sugars, malt extract, honey, or 
other sirups) and permitted to undergo spontaneous fermentation or 
curing. During this process heat is evolved and the temperature of the 
mass may rise to 55 to 60*^0. The physical appearance and chemical 
structure of components of the leaves arc changed. Aroma and flavor 
are developed. Starch and reducing sugars tend to disappear. Ihe 
quantities of malic acid, nicotine, pentosans, and protein decrease, 'while 
there is an increase in the quantity of citric acid. Carbon dio.xide and 
ammonia are evolved. Hydrol 5 'tic, oxidative, proteolytic, and other 
types of enzymes are apparently concerned in the curing process. 

As would be expected from the mode of cultivation the flora on the 
leaves may be quite varied. According to a summary of the roan)’ 
bacterial studies prepared by Salle,* Bacillus suhiilis, B. myccides, B 
polymyxai Proteus vulgaris, and species of the genus Aspergillus and other 
molds are present on tobacco leaves. This list is probably incomplete. 
Giovannozzi states that the unfermented leaf of Kentucky tobacco may 
contain from 100,000 to 100,000,000 bacteria per gram (dry weight) 
Blastomycetes also may develop during the first part of the fermentatron. 
but may disappear later. Cocci are likewise present in ferxaen 
tobacco, frequently in larger numbers than the bacilli.® 

This fermentation, like that of silage, grass, and other materia s ro 
which components of living leaf tissues and the adherent microbe roa,^ 
both function, will continue to offer an jnriting field for micro lo og’t' 
research. 


ETHANOL PRODffCnON BY BACTERIA 

Ethanol is produced in varying quantities by a relatively large 
of bacteria. Usually the ethanol is produced in small amoun ® ° 
is one of several products, thus making industrial production u 
Research may somen'hat change this viewpoint, but bacteria are 
to be serious competitors of yeast in the near future. 

A medium containing 2 per cent glucose and yeast ex ro 
mented by Termobacterium mobile Lmdticr {Lactobacil us mo 
production of 45.2 per cent of ethanol, 45 1 per cent o car 


* Salle, loc. ctl. 

* GiovANNozii, M , Chimica t inAuslrta {Italy), 


405 768 (1937) 


(^Chem. 
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and 7.2 per cent of lactic acid.' A fernaentation using this organsira 
has been carried out on an industrial scale in Germany. The organism 
was isolated in Mexico by Lindner from the fermenting juice of a large 
cactus. This fermented juice, locally used as an alcoholic beverage, is 
called "pulque.” 

Weizmann* has reported a yield of 25 6 per cent of ethanol from a 
sucrose solution by Cfos^rtrftum tthyltcum (Weizmann). From 720 g. 
of cane sugar, 24 g. of volatile aods, as butjTic acid, irere formed The 
organism ivas isolated from Hilnscua aabdanffa. 

Bacillus astaiicus mobihs Castellani, an organism believed to be 
closely related to Escherichia coh, gives rise to ethanol, hydrogen, and 
butylene glycol. 

Sarcina vcntriculi* Goodsir forms ethanol, carbon dioxide, and acetic 
acid as the principal products from glucose In one experiment reported 
by Kluyver, 43 7 per cent of the glucose Mas fermented to ethanol. Sar. 
fcntncuh is aerobic* and has an optimum temperature of 30 to 35®C. 

Ethanol is produced by certain acetic acid bacteria, for example, 
Acctohacier ascendens, A. suboiydons, and A. posfeunonum, under anaero- 
bic conditions.* 

It is produced in small quantities by hctcrofermentativc lactic acid 
bacteria, by certain ccllulo^o-fcrmenting bacteria, and by the bacteria 
that produce butanol and acetone. 

ACETYLMETKYLCARBINOL, 5,3-BUTYtENE GLYCOL, AND DIACETYL 

Acctylmethylcnrbmol and 2,3-biityJcnc glycol are frequently found 
together m (crtum fermentations Hefcr to Chap. XXIl for a considera- 
tion of the 2,3-butyknc glycol fermentation. 

Some bacteria have the ability to reduce acctylmcUiylcarbinol to 
2.3-lnUyIcnc glycoi, a change that may l>c indicated as folIowB; 

(TI, ClI, 

^==0 ^IIOH 

I + 511 - j 
tllOlf CIIOIl 

^Tt, hilt 

ArftyIniMUjWildnul 2 S Uut) Wn« 

■I.iM'Mtt, I*, “ .Mikro«kopi«clje and LioIcrwIk! Itclnekkontrnllp mden 
(l^nm) 5 *R<■\^^■rl>cn, . ’’ Paul Pan*}, B«*rlin, 1030 

1 1\ » 1 IMASN, C , /our. .Soc Chrm /n</., 67: 1010 (103S) 

• Smit, J , " Dio Gilninj:«.«arcincn,” Gu"tav rivLer, Jens, 1030, Klvta » n. A 4,, 
‘‘Tli<' flii'miPAl ArUviticA of MicrcM>rK*tn»«n\" L’m\-pr«uy of I/miton Ph-m, I.td , 
Ixindon. 1931 

♦ Ku txrR, toe. eil 

* in Tus, K U, “Till- Ilioclirimful Artivitw^ of tJio .Kcriir And lUrlrna,” 

< Ilcpnrt 2. if M. fll^tiotiorv OfTtr*>, f/>ndon, I93r. 
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Other bacteria are capable of oxidizing 2,3'butylene glycol to acetyl- 
methylcarbinol. One such organism is acrogrem. Still other bacteria 
may oxidize acetylmethylcarbinol to diacetyl; 

CH, CII, 

f +KOi-I -fH,0 

CHOH C=0 

ill, in, 

Acctyimeth>lcarbinol Diacet>l 

Diacetyl is important as an aroma-producing component of butter. 
Butter cultures of the desired type ahrays contain diacetyl and acetyl- 
mcthylcarbinol in relatively large amounts. The latter substance is 
oxidized to diacctyl in butter cultures by such citric acid fermentini!: 
organisms as Streptococcus ctlrovorus and Strcpt. paradtrovorus, according 
to Michaelian and Hammer.* The production of acetylmethylcarbinol 
and especially diacetyl by butter cultures or pure cultures of the citric- 
acid-fermenting streptococci is favored by the acidification of the cultures 
«-ith a mixture of citric and sulphuric acids and the presence of an abun- 
dant supply of oxygen. Obviously the reductions of diacetyl and acetyl- 
methylcarbinol to 2,3-butylene glycol cause a diminution in the amount 
of the aroma-producing substance, diacefcyl. 

FERMENTATION OF RHAMNOSE 
BY BACTERIUM RHAMNOSIFERMENTANS* 

The fermentation of rhamnose (CH, CHOH CHOH-CHOH-CHOH 
CHO) by Bad, r/iamnosifermentans is of particular interest, becau- 
propylene glycol (CHa'CHOH-CHiOH) is formed as one o ^ 

The organism was described by Castellani’ as 
fermentans. It is a Gram-negative, facultative aerobe, 
selective action in respect to the carbohydrates fermen c 
nitrogen compounds utilized. Rhamnose in peptone ^^a cr ( nearly 
containing 1 5 per cent of calcium carbonate was 
completely in 10 days by Bact. rhamnosiJermenXans, anc more 
than any other carbohydrate inv^tigated.^ Yeast ^\a er iwa 

' JIlcliAEUAN, M. B., and B W. Hamiiee, lorn Jf- «<» . Exp”* 

1936 X 7 <•> f!037). 

*KLuyv’ER, A J., und Ch. Schnelmin, Enzymoiogta, 4. 

* CasteliaANI, a , Ann. Inst. Pasteur, 47: 297-305 (1931) 

* IvLurvER und Sciineelen, loc eit. 
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able as a nilroprn ^olJ^(■c. Kqiiimolnr qjmntitic'i of hydrogen nn<J carbon 
dioxide ca«os non* prwhicnl by Bafl. rhamtiostjcnncnlans, ^\ll}ch is 
licHcvrtl to be clo'^oly rolutod to Eschertchia coU. 

Table IIS ^bo\va tlic protlucln idontirio<l and qiiantltaticcly estimatcil 
ii\ the fermentation of a mwlium, which contained 1.5 per rent rhamtio'-e 
and 1.5 per cent calcium carbonate in peptone water. The amount of 
propylene glycol rcprc.-'cnted nas obtainw! by calculation and not bj' 
quantitative estimation of its content in the fermentation medium. 

On the b.asis of the available fact.s and the assumption conceminR 
propylene glycol, Khijn'or and Schnellen Imve suggested the following 
scheme to indicate the course of the fermentation of rhamnosc by Had. 

rhamnosi/crtncniani: 


cn» 

nion 

iiioii 

nioii 

iiioii 

iiio 

UKsnnoM 


Clli 

iiroH 

i'no 

iidthrda 


CIl, 

^HOH 

iHiOn 


CJbOH 

iiioii - 
ino 


HCOOtl 

Formic acid 




cn,on 

J: 


non 

illOH 

iiroH 

LiOH 

iiio 

Cluco<a 


CIUOU 

huiOH 

Qlycot 

ci/.ciro 

AccUldehyde 

i -2n 


CHOH CHO 
^Hoir CHO 

Diildrhydc^f 

cir, iooii 
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Table 118 . Qdaktitative Ueshws of tub Femiestatio.v or Rbaiwose bf Bu 
rhamnosifermeniarit^ 



Weight, 

grams 

Per 

cent 

car- 

bon 

Milli- 

mols 

Millimols 

perlOOmil- 

limoJs of 
fermented 
rhamnosc 

MilHequiva 
lents of 
available 
hydrogen 

Available 
hydrogen, 
per cent 

Rhamnosc: 







Added 

9 050 j 






Recovered ... | 

i 2 737 1 






Fermented 



44 

100 

2,600 

' 100 

Carbon dioxide 

0 023 

5 30 

1 H 

31. S 

t 


Hj'drogen , . 

0 032 


! 14 

31 8 

63. G 

2 4 

Formic acid 

0,057 

0 60 

I 

2 3 

4.6 


Acetic acid 

1 935 

24 42 

32 

73 0 

5S4 0 

22.6 

Ethanol 

0 056 

1 00 

I 

2 3 

27 8 

1.1 

Succinic acid 

1 752 

22 50 

15 

34.0 

476.0 

IS 3 

Propj-lcnc glycol 

3 344* 

ISiIWctI 

44 


msil 

61 0 

Total 


103 78j 


• ■ f 

f 

105.5 


* Not but oompuird 

‘ KLrrvca. A i . «nd Cn Sokkcilsn. tt f-lS (JW7). 
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CHAPTER XXIV 


THE MOLDS 

True molds arc members of the division of the plant kingdom known 
as ThaUQj)hyta. They do not possess chlorophyll nor are they differ- 
entiated into leaves, stems, or true roots. They are widely distributed, 
especially in the soil. 

The role of molds m nature is of very great importance to man 
Pathogenic molds are the causes of diseases m plants and animals Non- 
pathogenic species include those involved m the breakdoira of organic 
matter in the soil; those concerned in the detenoration and destruction 
of timber, textiles, foods, and other products; and those with distinct 
industrial importance, as the molds concerned with the ripening of cheese 
and the production of commercially valuable organic adds, enzyme 
preparations, sauces, and related products. 

True molds may be divided into four main classes: the PhycomyctUs, 
which usually possess nonseptate myceha; the RoMdiomycdcs, which 
possess septate myceha and produce sexual spores exogenously on stalks; 
the Aficomyccips, which possess septate myceha and produce sexual spores 
endogenously in sacs, and the Fungt hnperfeett, which possess septate 
myceha but often produce no sexual spores' so far as is now known. 
(Refer to Fig 72 for subdivisions of these classes.) 

General Description. — The individual mold, structurally, may be 
considered to be made up principally of mycclmm and spores The 
mycelium is a collection or aggregate of hyphae (singular, hyphn), which 
arc tUrcivd-hke filaments of protoplasm Hyphae arc of two mam types: 
fertile hyphae, which are concerned with the production of roproihictivo 
cells or fruit bodies, the spores, and vegetative hyphae. the function of 
which is to secure nutrient substances from the substrates, 

Hyphae may be septate or nonscplatc Septate hyphae are hyphae 
containing crosswalls or septa, which divide the mold into colls Non- 
^eptate hyphae contain no crosswalls, but are multiniicleaie Molds 
of the latter typo are cocnocyiic Cells of septate molds may contain 
only one nucleus, as in the ca«c of the /Iscomycctc.s, or two nuclei, as in 
the /fasidiomycftcs 

’ llrNBin, A T , “Molih, Y«~i«t8, and Xctinonixrrtra,” John \Vi!pv A. S«>ns. In<“ 
York, ttitO 

.va 
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Molds increase in mass or grow by the c'ctcnsion of the tip cells (apical 
growth) or in septate types by apjcal growtii and by a division of the cells 
m any part of the hypha (intercalary grow th) 

The young cells of a mold are usually filled with dense cytoplasm, but 
old cells contain many vacuoles and resen’C food materials, such as fat 
globules and glycogen The cell wall is believed to be composed of chitm 
Spores may be asexual or sexual in nature. Asexual spores may be 
formed within a closed vessel or spore case known as a “sporangium” 
iangiuTti, “case”), which is supported by a sporangiophore (phore, 
“bearer”) in the case of the genera Mucor and Rhtzopus, members of the 
class Phycomyceles, or they may anse from special hyphae, known as 
“ conidiophores ” In the latter case, the spores are known as “conidia.” 

Asexual spores are borne in various other ways. The reader inter- 
ested in this aspect of mycologj’ is referred to some of the texts listed 
at the end of this chapter. 

The cldamydospore is a spore with thickened nails and generally 
IS derived from a vegetative cell 

Ascospores are sexual spores and are produced characteristically in a 
specialized sac or ascus by the class Ascomycetes 

Zygospores {zygo, “yoke”) are spores with thick walls formed as the 
result of the conjugation of two terminal hyphae arising from different 
colonies, these colonics representing plus and minus strains of the species. 
Zygospores are thus sexually producetl spores. 

Distinction is made between molds and a vast number of fungi that 
are the causative agents of plant diseases and thus live an essentially 
parasitic hfe From the standpoint of industrial microbiology, the term 
“mold” is generally given to aerobic saprophytes that grow on organic 
matter or solutions n ith the formation of expansive masses of mycelium, 
which may be thin and superficial in character or which may occur as 
felted masses of tough and/or semigelatinous nature The mycelia can 
penetrate the substrate for some distance, especially when growing on 
cellular tissues or amorphous masses of material 

The number of known species of molds ia large, but as their classifica- 
tion is often difficult because of great differences in appearance on differ- 
ent substrates it is unwi«e to attempt exact figures 

Molds are especially characterized by the ability to elaborate a great 
variety of enzymes, and this physiological qualification undoubtedly 
accounts for their ability to tbnve on so many materials and in the 
presence of very small amounts of organic matter. Enzyme production 
by certain species will be considered more fully in a later section of this 
chapter 
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The Growth Requirements of Molds.— Certain elements are esseniiai 
for tlic growth of molds, such ns nitrogen, carbon, hydrogen, ovj'gen, 
sulphur, potassium, plmspfioms, magnesium, and other dements. Some 
moldn’ require special organic substances, such as thiamin, for growth 
Nilrogcn Soutccs. — Molds, in general, may utilize a large number oJ 
nitrogen-containing compounds. These differ in relative value, some 
stimulating growth by yielding nutritive substances, and some being 
especially favored on account of their clTccfc in producing large yields ef 
desired end products. The type of nitrogen compound selected is thus 
of mucli importance to the fermcntologist, \\ho is not only interested ifl 
tiic jicld but also in the rccover 3 ' of the end pro<luct in as pure a condi- 
tion and as free from color as possible. 

In general, ammonium s.al(s, nitrates, proteins, peptones, amino acids, 
and urea are satisfactory' sources of nitrogen. 

Carbon Sources. — Molds obtain their energ 3 ' essentially from carbon- 
containing compounds. In the complete brcaJedoun of a carbohydrate 
to carbon dioxide and water, as in aerobic respiration, a relatively large 
amount of energy is liberated. In the anaerobic or partial anaeroWe 
breakdown of carbohydrates, intermediate products are formed which 
possess less oner©' value than the original carboliydrate. eaers 
thus liberated is loss than that evolved during aerobic respiration. This 
type of cnerg}* reaction is the one commonly associated wth ferroentatioa 
Many carbon-containing compounds have been examined as soaices 
of carbon by molds For example, Aspergillus orysae^ utilized 51 com 
pounds, principally alcohols and acids, for growth and respira wa 
OUve, Uasced, ami walnut oils; triolein; pentosans; 
lose; some higher paraffins;* starches; sugars; and other compoun 3 
been utilized by different molds, in addition to alcohols and aci s. 

OlAer S/ernenis.~^Iton, zinc, copper, manganese, 
gallium appear to bo important elements for the growth o ^er 
in particular, Aspergillus niger.* Tlicse elements cons i u e 
the "trace elements.” ^foim'n^an 

Growth Media.— Most molds grow well in a medium 
appropriate starch or sugar, a usable source of nitrogen, an 
plying essential mineral elements. An acid reaction is esira 
Media may be classified as synthetic and nature -jj 

media are obviously the tissues or juices of plants or a , 
native state. It is highly desirable, however, especia y o 


* TAmYA, H., vlcto Jopon, C: 1 (tt)32). <,r7 / 1037 ) 

‘BiRKiNsitAn*, J. H., Biol. Bw, Cambridge Btul. ’/.ggjj. 62; Si (1935)- 

»STEiNBEno, R. A., Bull Tarny BtAaH Club, 61: ^ c/l- 

Jour. Agr Beiearch, 81:413 (19351:66:801 (19371. etc : BlRKl 
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purposes, to cultivate molds in media that can be duplicated exactly at 
any time or in difTerent parts of the world Such synthetic media are 
prepared with pure sugars and cliemicajly pure inorganic or organic com- 
pounds. Steinberg* has recently reviewed the subject of the growth of 
fungi in synthetic nutrient solutions. This excellent paper contains 
many references to the nutrition of fungi 

Hatihn's Medium * — One of the oldest synthetic media is that of 
RauUn, which had the following unduly complex composition. 


Grams 

Water 1.500 

Sucrose 70 0 

Ammonium nitrate t 0 

Tartaric acid 4 0 

Ammonium phosphate 0 6 

Potassium carbonate 0 6 

Magnesium carbonate 0 4 

Ammonium sulphate 0 25 

Zinc sulphate 0 07 

Terrous sulphate 0 07 

Potassium sihcalo 0 OT 


The foregoing medium has a highly acid reaction (the pll is approximately 
2 0 )» 

Ctapek's Jl/ cdium.*— For growth and isolation of molds Czapek's 
medium is w idcly used This has the following composition, as modified 
by Dox and Thom . 


Grams 

Sucrose 30 0 

Sodium nitrate (NaNOd 2 0 

Potassium phosphate (KiIlPOA 1 0 

Magnesium sulphate (MgSOiTHjO) 0 5 

Potassium chloride (KCl) 0 5 

Ferrous sulphate (roS 04 0 01 or trace 

Agar 15 (12 to 20) 

Water 1 000 cr 


The final reaction of the preceding medium is neutral or slightly* acid. 
By using potassium dihydrogen phosphate (Kn?PO») instead of potas- 
sium monohydrogen phosphate (KtHFOd a definitely acid reaction is 
obtained This is preferred by some svorkers 

' Steinbero, 11 A , Botan Itrv , 6; 327 (1039) 

‘Smith, G , “.\n Introduction to Industrial Mveologs’,*' Edward Arnold A Co , 
I/jndon, 1938 

•Thom, C, and M H Cuuhcii. “The Aspcrgilh.” The W'dliams A W’llWins 
Compnnv, Baltimore. 1926 
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Glucose or other sugars, in varying quantities, may be substituted for 
sucrose in the foregoing formula, thus obtaining a medium ;vith nider 
applications. Alucors do not grow well on Czapek’s medium containing 
sucrose, for they do not readily utilize this sugar. 

In order to avoid a browning o( the medium or the production of 
turbidity, the phosphates should be dissolved separately in a small 
portion of the u’ater, sterilized, and added to the main portion of the 
sterilized medium. 

Malt Medium, — A medium, liquid or solid, prepared from malt extract 
is useful where the cultivation of molds and yeasts is concerned. Suck a 
medium has been recommended for the determination of molds and yeasts 
in butter. 

One malt-extract agar is prepared by dissolving 30 g. of dehydrated 
malt extract (Difeo) and 15 g. of agar (Bacto) in 1,000 cc. of distilled 
water and autoclaving at 15 lb. pressure for 20 roin. The finai reaction 
is 5.5. ‘ 

Sabouraud’s Medium. — ^Parasitic molds grow well in a medium that 
is a modification of the original formula of Sabouraud.® Sabouraiid's 
dextrose agar is prepared by dissolmg 10 g. of peptone, *10 g. of dextrose, 
and 15 g. of agar (Bacto) in 1,000 cc. of distilled water and aufoclaWng the 
medium at 15 lb. pressure for 20 min. The final reaction is 5 6 ^ 

Sabouraud’s maltose agar is prepared in the same manner except tw 
maltose is used instead of de.xtrose. Maltose is more satisfactory for J 
cultivation of certain pathogenic molds than dextrose, for example, 
MiCTosporon audomni and of M lano$um. 

Liquid media are prepared by omitting the agar. Such m la aro 
verj' useiul in certain types of n'ork inth molds. . 

Natural Media. — Pnine, potato, carrot, bean, wort, and ot er 
or extracts with or wthout agar are sometimes useful in the cu n a 
of molds. , , 

Nutrient agar or gelatin, such as is used for the gro« 
teria, may be eariched nith carbohydrates and adjuste o 
reaction. , , , «inndard 

For further data concerning media, the reader is , 

texts and publications on mycology and to the reference 

Methods of Isolating Molds.— There are several 
molds in pure culture. Some of these are similar to me 
isolating bacteria or yeasts. 

’ "Difco Manual/' nifco r..ahoratories, Inc, Petroit, 19-18. 

* HENRiri, o/? rti. foi’ 

^Levine, M , and H W Schoeku ' ' orr, 

Cultivation of Micro-organisms,” The * 
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By Agar Diluiion. — A senes of bacterial culture tubes, perhaps four 
to SIX, each containing about 10 cc of a suitable agar medium, is heated 
in a ^vatcr bath to melt the agar. The contents of the tubes are cooled 
to 44 to 42'’C. and maintained at that temperature in a u'ater bath until 
the tubes are used. At this temperature the agar will not solidify, nor 
will it cause injurj’ to the mold A small amount of the mold-containing 
material is added to the first of the series of tube.s It is mixed thoroughly 
with the agar by agitation and a small loopful of this seeded agar is 
transferred to the second tube of the series. The first tube of agar is then 
poured aseptically into a petri dish The contents of the second tube arc 
shaken carefully, one loopful being transferred to the third tube and 
the rest poured into a petri dish This process continues until 4 to 6 or 
more plates have been poured The culture is diluted by this method, 
and at least one of the plates should contain the desired mold m such 
dilution that a pure culture may be secured Agar slopes (slants) may 
be inoculated from this colony. 

An alternate method is similar to the above in that tubes of agar aro 
melted and cooled to 44 to 42^C The culture is added to the first tube 
and after the tube is shaken carefully, the contents are plated. The 
second tube of agar is then added to the first tube, uhich contains a few 
mold spores in the agar still adhering to the sides and bottom of the tube. 
The latter tube is shaken and the contents poured into a petn dish. A 
third, fourtli, fifth, and perhaps other tubes of agar arc added successively 
to the first tube in the same fashion, and the agar is poured 

By Picking Spores from a Single Spare Head —In this method, the 
mycolopst selects a colony of the mold that he believes is a pure culture 
and using a hand lens or the low power of the microscope picks mold 
spores from a single spore head with a sterile needle and transfers them to 
a tube containing a medium favorable for growth. 

If the plate from which the mold colony is selected contains other 
types of molds, there is a po^bihty of obtaining a mi.xed culture 

Bij Ihc Mtcromampulalor — This methotl, though practicable, requires 
a certain amount of expenence Excellent results may be obtained by 
the use of this method 

By ihc Germination of a Single Spore — A dilution of spores is made in 
sterile \\ ater or saline until a drop contains just one spore. (Ascertained 
by an examination of droplets on a slide on the stage of a micro.scopc ) 
Droplets arc then placed in isolated portions on the surface of agar, their 
position being marked in order to locate the correct culture m case the 
plate contains a contaminant 

By o Modification of the KciU Stngle-spore ^felhod — In Erekial’s* 

' Ezckial, tv N’ , Pht/lopalholoffy, SO: 583 (19301 



5G0 


INDUSTRIAL MICROUIOIOGY 


modification of the Keitt single^pore method/ a nutrient agar, selected 
for groiring the desired moW, is melted, poured into a petri dish to form a 
thin layer and permitted to solidify. Using a needle (mth a spatulate 
tip) infected t}je spore-containing material, Khich has been diluted 
properly, four to five parallel streaks are made on the surface of the agar 
The dish is tlicn inverted, incubated for 1C to 24 hr., and examined 
through the bottom with the aid of the IC-mm. objective of a microscope 
in order to locate a sporeling. A\Tien a sporcling has been detected, its 
position is marked with ink on the plate and it is e.vamined more thor- 
oughly with a high magnification of the microscope. Using a needle Tvith 
a cylindric tip, a disk of agar containing the sporeling is cut out, placed 
on a thin portion of the agar on an agar slope and again e.Yamined micro- 
seopically to make sure that only one sporeling is present. 

Dy the Hansen Method * — In another method a dilute suspension of 
spores is prepared in agar, the agar then being sucked into cap'dhry 
tubes, the diameters of which arc not much greater than the diameters of 
the spores. The capiUaiy' ttil>cs are examined under the microscope 
IHion an isolated spore is found tlic tube is broken in such a manner tb: 
the segment contains a single spore. The glass is treated with alcobt 
and then placed into fresh medium. Growth emerges from the tube, as 
a colony develops. This method operates successfully with large, colors 
spores but not well with small spores. 

Single-spore isolations may be made also by the Hansen method or : 
the Lindner method (refer to Chap. II). 

The Identification of a Mold —The basis for the identification ot f 
mold is an accurate and complete description of the organism. In 
tion obtained by the use of the naked eyes, the hand lens, and t e , 
scope, in the manner outlined in the following paragraphs, is usu 


sumcient. 

It is desirable to cultivate the mold on different types o ‘ 

in order to ascertain the medium best adapted to its gron t . r i 

Czapek’s medium is selected to study the characteristics of a mo 
may be used for industrial purposes. Tins medium ms 
studying the aspcrgilli and the penicillia by Thom, ’ , other 

others; in studying the by Waksman, an i nicdiimi 

molds. A large number of molds grow satisfactori > on 
For the sake of comparative purposes it is a good plan o use 


then, if the mold grows well on it. studied 

Individual colonies on Czapek^s agar or other medium m y 

with the naked eyes, the hand lens, and the low magn 


> Kcitt, G, \V., Phytopathology, 6: 266 flOlS). 
^JJansek, It Scitnce, 64:384 fl926). 



micro-'copc. The following information may be obtainwl from f<iich 
ohscrx'ations: the rate of growth; the appearance or growth liahit; the 
nature, arranRcmcnt, size, and color of the fniiting bodies and hyphne; 
the elevation and density of differcrit parts of the colony ; the presence or 
absence of pcrithecia; variation in the fhnpc and sizes of the mold heads; 
and other data 

Tlic plate may be turned over and the color of the underside of the 
colony ol)sor\’cd, also any coloration produced m the medium 

Tlic information gained from the foregoing study may be suflicicnt 
to identify the mold insofar as the class or order is conccrneil, but further 
study nith the aid of the oil-immerston lens of the microscope is usually 
necessary in order to obtain enough information to identify the mold as 
to genus and species 

Slide cell cultures are verj' helpful in studies involving the minute 
structure of molds Such cultures may be evamined either stained or 
unstained. The following observations arc made on the spores i the shape, 
size (averages and extremes), color, markings, and arrangements Fer- 
tile hyphao are examined for 
branching, scptation, uidlh, color, 
markings, and the nature of the 
walls, whether smooth, pitted, or 
wartod Cr>’8tals of chemical 
compounds or juices elaborated 
by the mold should be observed 

On tlie baMS of the dc«crip- 
tions thus obtained, an attempt 
may be made to identify the mold, 
using a text which describes tlic 
genera 

Important Genera of Molds. — 

From an industrial standpoint, 
hpocics of the genera Aspergillus, 

Pemcillium, Ilhtzopus, and Mucor 
arc by far the most important at the present time. Table 119 summarizes 
some of the products manufactured on alai^e scale by the action of molds. 

It will be noticed that Aspergillus mger is particularly important, strains 
of this organism being used in three important industrial fermentations 
— the citric, gallic, and gluconic acid fermentations. From amongst the 
penicilha arc species which are important m the ripening of cheeses and 
which may be uvecl to produce gluconic and citnc acids Species of the 
genus Rhizopus and the genus Mucor are of importance in the saccharifica- 
tion of starchy materials. Recent investigations (sec Chap XXVII) have 
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and which may produce mists or sclcrotia.^ The myceJiiim is usually 
partially submerged in the substrate and partially aerial. 

The foot cell is a specialized, enlarged, thick-walled cell that gives 
rise to a fertile hyphae, i.c., the stalk or conidiophore. The foot cel! is 
usually, but not always, submerged in the substrate. 

The stalk, or conidiophore, arises approximately perpendicularly to 
the long axis of the foot coll Its walls may be smooth, pitted, orrougb 
It may be septate or unseptate. At the apex, the stalk usually enlarges 


to form a vesicle. 

The vesicle, which supports the sterigmata, is globose, hemispherical, 
elliptical, clavatc, calyptrato, or of other shape. A portion or all of its 
surface is covered with sterigmata. 

Sterigmata (singular, “sterigma”) produce conidia or clusters of other 
sterigmata. WJien there arc two series of sterigmata present, the first 
series, tlic one adjacent to the vesicle, is designated as the ‘'primaT>- 
sterigmata.” These give rise to and support the second series of steng 
mata, which arc called “secondaiy' sterigmata.” In the latter case, co- 
nidia are produced by the secondarj' sterigmata. n j- • 

The conidium (spore) is produced by an elongation and ce 1 
of the sterigma. A crosswall appears and the newly formed cell ^ ‘ 

Other conidia are produced by the same sterigma in a simi ar , 
with the result that an unbranched chain of conidia appears, ® , 

the outermost are the eldest. These conidia vary among 


species in respect to color, size, and shape, _ , 

Spore heads vary in respect to arrangement, 

Heads may be globose, like A. niger; hemisphencal, • , . ^ j, 

amcricana; elliptical; clavatc, like A. chvatus (the ca J , 
clavate or elliptical); columnar, like A.fiaviper, or o som 


teristic shape. ThP oerithecium* is 

Perithecia are produced by only a few species. flask-shaped, 

a thin-walled receptacle, or fruit body, common!)’ g o os ^ gg ^ire 
closed at maturity, which produces ascosporcs. 
liberated when the thin walls of the perithecium usual!)’ 

Sclerotia, which are hard masses fomed liom They are 

possess somewhat characteristic markings an co 
produced by some species of Aspergillus. referred to 

For a further discussion of this subjeetthe 


For a further discussion oi mis buuivvrv v. 

"Manual of the Aspergilli,” by Thom and Kaper ( proopt 

Some Important Aspergilli. — Members of , 'flustria! 

especially strains of the A. oryzae series, have large 


> Thom and Church, /«5~ ciV. 
* Smith, op cit. 
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particularly in the Orient. In Japan. .1 oryzat t« uv>l to vircharify 
tict^ flarch m the manulncturo of Ktke nrnl other nleohohc htpior-, in the 
manufacture of thoyu («oy Knuce); in thr mamifarturc of mi'o, a i«jylK*an 
product uvsl ns n hrcnVfa.'-t footi. and m the prrpamtuui of miraumc.n 
BURar sirup made from rice .1. oryzae is u^otl nl*o m the preparation of 
enryme mixtures, which appear on the market under such trade n.amps as 
Taka<lia«tase, I’olyzyme, l)if*e'tin, Ofx-tyme. and K.n‘hi«acidiasta«e 
Kojic acid is produccsl hy the ramo mohl. 

Strains of A. nijrr arc m three tndn-tnai (ermentatums frefer 
to Chaps. XXV, XXVI, and XXVIIh. Tins mold ma> rati»e h'tt'U* 
•iamaRc in the textile indii>-tr>‘ Chap XXX\ II i 

A. tamam is u«e<I in the Orient in the prculuction of fnt^nn sauce 
from poylieans or from fO\l)cans mixes! with n<v 
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Polrjverticillata-symmelricaf and the A&ymmeirica. These groups are still 
further divided in some cases. The basis for the principal divisions is 
the type of brandling in the penicillus or spore Jiead. Colony character- 
istics furnish a basis for further subdivision. 

Figure 74 shows a division of the pcnicillia proper info main groups 
Some important species are listed. 

The Monovcriicillata contain one duster, whorl, or verticil of steng- 
mata (the conidia-prodiicing organs of the mold) supported by theconidio- 
phorc. In this group belong the Cilro- 
myccs of Wchmer, molds that hare the 
ability to produce citric acid; sndP. Char- 
Icsii and P. spinulosum, molds studied 
for their biochemical characteristics bv 
Raistrick and his associates. 

In the Biverticillaia-symmeirica,&''Or- 

ticiJ or whorl of sterigmafa is supports 
by short branches or metulae (singn aT, 
raetula), n-hich are arranged symmetn- 
cally about the axis of the conidiophorem 
the form of a verticil or vhorl. P- 
purptirofjcmim, a mold that 
conie acid, and P. pmophlum, a mold 
stains wood,' are members of this , 
There arc three or more stajes 
branching in the 
rica group, which contams ony 
unimportant molds. ^ . 

In the Asymmetrical the spore head, or penicillus, is j^igesf 

metrically about the axis of the conidiophore. This j^ucin? 

of the four and includes species of economic 
characteristic changes in cheeses; moids causing destine 
molds with the ability to produce gluconic acid or o er c 
nutrient glucose solutions. , d .? * 'tainm cause much 

Two species of Penictllium, P. italicum and F. ^9^ through ounds. 
damage to citrus fruits. Invasion of the fruit occu 
Careful handling and packing, the use of special pro ec ^ treat^^ 
prevent infection of the fruit, and the use of molds 

with diphenyl* do much to prevent losses due o 
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« Henhici. loc . cit . 

* Prescott, S. C , and B. E. PBoctoR, 
Company, Inc , New York, 1937 

* Ind. Eng Chetn. {News Ed), 17r2J0(lJ®9) 
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fruiting hyphae (sporangiophores) in clusters or whorls. Groups of 
sporangiophores are connected by hyphae of a vegetative nature, the 
stolons, which may be regarded as distributing hyphae. The rhizoids are 
vegetative hyphae, which function as anchors. 

Tabij! 121. — Some Enzvmbs Fobmed by Some In'ditstiuaelt Important Moirs 
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0“ ‘>>f gluconic acid fermentation, other types of emia- 
ment used m fermentation are described or referred to. 
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CHAPTER XXV 


THE CITRIC ACID FERMENTATION 


The production of citric acid by fermentation on a commercial basi? 
has been a liigiily important achiei’cment in the field of industrial micro- 
hiologj’. It has made the Unile<i States self-suflicient in respect to the 
citric acid supply and greatlj' cliangcd the commerce of the world in cUric 
acid and calcium citrate. 

Citric acid (COOir-CH,*C(On)-COOn-CHs-COOH) was first isolate 
from lemon juice and crystallized as a solid by Scheele iu 1784. It ^ 
found as a natural constituent of citrus fruits, pineapples, pearg, peaches, 
figs, and other fruits and tissues. The citric acid extracted from tto 
products is known as natural citric acid in contrast to fermentation citnc 
acid. Cul! lemons, limes, and pineapples arc the principal ® 
natural citric acid, whicli is produccrl chiefly in Italy, especially >ciy, 
and also in California, Hawaii, and the West Indies 

In 1922, Italy prcKluccd npproxdmatoly 00 per cent of the , 
supply of calcium citrate, which is used in citric acid manufa^nre. ^ 
of this calcium citrate was exported to the United States, 

Franco. Since 1927, however, very' hUi® calcium citrate or ci 
lias been imported into this country. Several factors have 
blefor this change: the production of citric States, 

increase in the numbers of trees bearing lemoris in the ^ 
importations of concentrated lemon juice, and high impo J 

Wchmer, in 1893, first described citric acid as a pr ^ 
fermentation. Two mohls, which he designated as the 

and Cilromyccs glabcr (classified by Dr. Thom as pcmci ■ j^ter 

acid from nutrient sucrose solutions containing ^ luUum and 

Wehmer reported the formation of citric acid by J- that the 

Mvcor piriformis, but it is interesting to note that ^ disproved by 

black aspcrgilli produced only o-volic acid. This i accompa®*' 

Thom and Currie. Nevcrthele^, oxalic acid is genera y 
ment of the citric acid produced. , published the 

In 1917, Currie, of theUS. Department pi citric acid 

results of a fundamental research concerning pro corrobo- 

by a strain of Aspergillus ntger. Dodger and contributions con- 

rated the results of Currie and made other va ns 
ceraing the fermentation 
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The literature of the past t«‘o decades contains many references to the 
citric acid fermentation, but no attempt will be made to review it in detail. 
Certain gelected reference giving the pnncipal facts gained by research 
will be found at the end of tins chapter. The interested student is urged 
to consult some of the papers cited. 

Significant Factors in Fennentation. — ^The organism, the correct 
interrelation of the various constituents of the mcdnim — sugar and inor- 
ganic salts — the pH, the ratio of surface area to volume of solution fer- 
mented, the o\>’gcn supply, and the temperature have much to do with 
the nature and magnitude of the yield of end products recovered from a 
fermentation medium. By adjusting the salts and pH carefully, it is 
possible to produce citric acid uith a negligible or small amount of ovalic 
acid. 

Or^antam ^. — Since the historic researches of Wehmer, it has been 
'ihown that a large number of fungi have the ability to produce citric acid 



flu rS - T>j)irftl »j»rc-l>rnfinjr of ntgrr ('IuIm'/iaiitiI hfiul Ix-am 

t»o roA' <if columnar cclJa »iiIp rpote* forminx *• ff»o cn«l« of f{>c accotid row of crlt*- 
\yrom H !' and S C Prueott. Ind t«t CActb . 15 (14:I<I9U)} 

Some of the fungi produce pinall yields; some prodiire undc‘‘irab!e 
^l^^llces, some, on account of their unstable cultural charactenstiea, would 
Ik* tifi'ati'-factorj' for u<c on a commercial basis Thus the choice of a 
ftram h of great importance 

.lrpcrgdh/« mger, A rlaiatuf, Pm/cillium tuffum, P. cilnnum, Parcilo- 
f7t>jm fhmncalum, Mucor junfonnis, VtCulinn tulyan^. and anniiier 



574 


INDUSTRIAL MICROBIOLOGY 


species of Mucor have be^ used to produce citric acid in the iaboratoo' 
or on a commercial scale. 

Strains of the Aspergillus niger group of molds have usually given 
most successful results, both in the laboratoiy and on an industrial basis 
Many of these molds produce high yields, possess fairly uniform bio- 
chemical characteristics, arc easily cultivated, and produce a negligible 
quantity of undesirable end products. 

Sugar. — Alany organic substances, among them 2-, 3-, 4-, S', 6-, 7- 
and 12-carbon compounds (principally sugars), may be fermented to 
citric acid. Maximum yields have been secured, usually, from sucrose 
and fructose. Occasionally glucose, under certain circumstances, has 
given high yields, comparable with those from sucrose. For industriai 
fermentations, sucrose and technical glucose are best; maltose and 
molasses are less desirable. 

In general, a high concentration of sugar is required to produce high 
yields of citric acid. Solutions with concentrations of H to 20 percent 
may be used Currie advocated the use of 125 to 150 g. of sucro-'C per 
liter. Dodger and Prescott obtained highest yields ivben using a 
centration of 140 g. of sucrose per liter in fermentations that were aUo'' 
to run for 9 to 12 daj's. They found that if more than 15 per cent of sugar 
was used, a greater amount of sugar than normal (less than 3 per cea 
remained unconverted to citric acid. Substitution of part of the 
by fructose or glucose, such that the concentrations of these 
represented 1 to 5 per cent (out of the total of l-I per cent) resu 
lower jnelds of citric acid than were obtained from controls 
sucrose alone. Partial hydrolysis of sucrose during steriliratjon i n 
resulted in lower yields. , _,vcen 

Inorganic Salts —In addition to the carbon, hydrogen, an 
supplied by the carbohydrate, also nitrogen, potassium, p osp 
phur, and magnesium are indispensable in the fennen a ion 
according to Currie and Doelger and Prescott Currie 
most favorable medium for producing citric acid containe e 

Grams ppf Liter 
125 -J50 

Sucrose 2 - 2 5 

NH,NO, ^75. ] 0 

KH*PO< Q 20- 0 25 

MgSO. 7HiO 

Ha to pIJ 3 4-3 5 (5^ ee N/5 HCi) 

Doelger and Prescott* found the foHo'ving mediuni 

» Currie, J N , Jour. Btol Ghent., 31: 15-37 -g. jj42 (1031) 

* Doeloer, W. P., and S C. Pubscott, Ind Erg ^ ’ 



THE CITRIC i\CID l'ER^n:^'T^TION 


675 


factor}', for the strain of Aspergillus ntger produced high yields of 
citric acid with less than 2 per cent of oxalic acid from this medium: 

Grams per Liter 


Sucrose 140 

Nil, NO, 2 23 

KjlirO, 1 00 

MrSO. 7HsO 0 23 


(Salts and sugars arc dissolved and made up to 1 liter with distilletl 
water, adjusted to pH 2.20 to 1 60 with K/1 HCl, and sterilized at 8 to 
10 11) steam pressure per stjuarc inch for 30 min.) 

If more than 2.50 g of ammonium nitrate, 1.50 g. of potassium mono- 
hydrogen phosphate and 0.30 g of magnesium sulphate were used, oxalic 
acid formation increased and the yield of citric acid was decreased. 
Ammonium nitrate in a concentration of more than 2.50 g. per liter caused 
the formation of a hcavj' mat. More than 0.30 g. of magnesium sulphate 
per liter favored sporulation. In general, high yields of citric acid were 
obtained when the mats were thin and the sporulation light or nearly 
absent; these results were secured when a minimum quantity of inorganic 
salts were used. Restriction of the nitrogen supply tended to cause 
increased yields of citric acid 

Wells and Herrick* report the following limits for the amounts of salts 
generally used in the fermentation. 0 03 to 0.1 per cent of KH*P 04 , 
0 01 to 0 05 per cent of MgSO^-TIIiO, and 016 to 0 32 per cent of 
NH.NOj 

In certain case**, other nitrogen-containing salts have been found 
to be superior to ammonium nitrate. So<hum nitrate in a 0 4 per cent 
concentration was found to be better than ammonium nitrate or ammo- 
nium sulphate by Porges, while Hutkewitsch and Gaewskaya used 
potassium nitrate in a 0 35 per cent concentration in order to obtain 
high yields of citric acid 

The use of salts other than those mentioned above does not usually 
appear to be necessary, although many apparently conflicting state- 
ments concerning the value of the use of certain salts m the medium for 
producing high yields of citric acid appear in the literature For example, 
some investigators state that iron and zinc accelerate the formation of 
citric acid; others are of the opinion that salts of iron and zinc stimulate 
growth of the mycelium without increasing the yields Still others 
have sho^vn that zme salts have a definite inhibitor}' efTect on citric acid 
production Thus, in a few instances, it seems that iron, and possibly 
zme salts, have favored acid production 

* Wells, P A , and H T Herricx, Ind Eng Cktm , 30: 255 fl93S) 
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Undoubtedly, the strain of fungus used by a worker has a ver}’ 
important bearing on the salt requirement. That this is true has been 
shown by several men. Osnizkaya, using one strain of Aspergillus niger, 
obtained a marked increase in the yield of citric acid from sucrose by 
the addition of 0.3 per cent magnesium nitrate, but, when using a second 
strain, the addition of magnesium nitrate actually caused a slight dirainu- 
tion in the yield. According to Quilico and T>i Capua, the effect of iron 
on citric acid production depends on the strain of A. niger used. In one 
case the yield of citric acid was increased and in another case decreased 
by the addition of increasing quantities of iron. 

Perlman, Dorrell, and Johnson’ studied the effects of the addition of 
metallic ions to two highly purified media on the production of citric acid 
by the surface culture method, using five strains of A. niger. They 
concluded, on the basis of many experiments, that the optimum coDcen* 
tration of a given metallic ion for the stimulation of citric acid production 
v’aried with the strain of A. niger used. For e.vampic, the addition of O.I 
mg. of iron per liter to one fermentation medium produced optimum 
results m the case of A niger 62; the addition of between 0.1 and 1.0 mg 
of iron per liter to a second fermentation medium was optimum for str^s 
02, 09, 70, and 72; and the addition of 10 mg. of iron per liter appeared W 
be optimum for strain 59. MTicn other stimulatory ions 
together with iron, the results were in general no better than 
obtained with iron alone. However, in (he case of strain 62, some co 
binations of iron and manganese ions produced better yields t an 


jon amne. _ . 

Aluminum, chromium, iron, and manganese ions were ® ® 
that stimulated acid production with A. niger 62. The ot 
molybdenum, copper, zinc, and calcium, w'ere inhibitory to ad 
tion in the concentrations used. Molybdenum stimulate acj 
tion by strain 72, while iron was somewhat inhibitory'. _ mediutn 

The presence or absence of minute traces of elemcn s m 
may have a marked effect on the result obtained, measure* 

of analysis — the use of the spectroscope, and other years 

raents — have aided the microbiologist and chemist grea y pure 

in detecting the presence of unsuspected elements in 
compounds. An increasing amount of evidence ^ fraction 

of the presence of mere traces of substances, in qunn i 


of a part per million, for example. . imoortant for the 

pH . — The maintenance of a favorable pH i® Currie demoO' 

successful progress and termination of a fermen a i 
» pEBLAfAN, D , W. W. DoBRBtLi and M. J. Johnson, Arc . 
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citric acid will be produced during the shortest fermentation period mU 
a minimura of sugar unconverted to citric acid should be used- 

The effect of varying the ratio of the volume to the surface area of 
the medium is illustrated in the following table from Doelger and Pres- 
cott’s researches. Shalion* pans of aluminum (25 by 33 cm.), of a purity 
of 99.80 per cent or greater, were used during the evperiment Standard 
medium at a pH of 2.40 was inoculated and maintained at a temperature 
of 2C®C. until the ninth day, when analyses M-ere carried out. 


Table 122. — The Effect op Vabyi.vc the R^tio op Yolvue to Sckface Asti o\ 
THE Yields of Citihc Acid‘ 


Volume: 
surface area 
ratio, cc. 
pet sq. cm. 

Origin.il 

volume, 

cc 

Sucrose 
per pan, 
grams 

Pinal 

volume, 

cc. 

H 

Total 
citric acid 
per pan, 
gtataa 

Yield of 
citnc acid 
to sugar, 
percent 

2 45 

2,000 1 

280 

1,810 j 

6.35 , 

114 9 

41 0 

2.20 

1,800 

252 

1,620 

i 7.05 

114 2 

' 45 3 

2 08 

1,700 

' 238 

' 1.490 

7.40 

no. 3 

48 3 

1.83 

1,500 

210 

1,310 

7 75 

no 2 


1 22 

1 1,000 

140 

780 

8.80 

6S.6 



* OoBbaER, W. P , and 8. C- PRCacorr. Ind £nf. Chttn , 88! 1112 (1934)i 


Agitation of the roedium by a gentle or moderate shaking 
retards the rate of citric acid production, according to Doelger an ‘ 
cott. (Compare with the sorbose and dihydroxT’acetone fermen a 
when the shallow-pan method is used.) 

Oxygen Supply . — ^Large amounts of air have an adverse eJtec 
yield of citric acid, according to Forges, Doelger and Prescott, an 
The flow of small amounts of air over the mat has no 
lujwever, as Wells and his associates have passed sten e, 
carbon-dioxide-frec air over mots in 2,000-cc. Krlenioeyer a • 
of 15 cc. per rain, arid obtained results similar to those secure 
trols receiving no special air supply. Too low an air supp ^ of 
hand, also reacts unfavorably on the yield of citric acid. ^ 
supply of air must therefore be determined e.Nperimen a 
installation of apparatus. . ^ on the 

Temperature . — The temperature used wH depen 25 fo 

organism and the fermentation conditions. ^6 to 

35°C. are usually employed. Doelger and Prescott a voca of 

as the optimum temperature range. They state a ^.^^jires arc 
citric acid produced mil be on a rising scale as e •»„Vflcidpro‘i''^ 
increased from 8 to 28°C ” and that at SO^C. or abo\ e ci 
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tion will decrease and a greater proportion of the titrable acidity will 
be due to the formation of oxalic acid.” The following table shows the 
effect of the temperature of incubation on titrable acidity and the quan- 
tity of citric acid formed. Standard medium was used in the e-xperunent. 

In 250-cc. flasks ere placed 75-cc. portions, and all were inoculated 
from the same lO-day-old culture of mold spores {A&pergxllus mger). 

After a lO-day period of incubation, samples from each flask (10 at 
each temperature) were analyzed. 


Table \23 — lirrEcr ot- Temi'ebaturb ob Incubahoh on Tl■^l^BV,E A.ciiiiTf anb 
Citric Acio PBODcce®* 


Temp of ' 
incubation, I 
•C ; 

i Titrable ' 
acidity, 
normality 

j Citric acid produced 

Evaporation 
of medium, 
per cent 

1 Per flisk fermcn- 1 
tation, gmmn 

Per 100 g sugar, 
grams i 

20-22 ' 

1 0024 

3 37 

32 

24 

2 ^ ! 

1 0535 

1 3 55 

34 

1 27 

20 1 

1 1187 

1 3 96 

38 

26 

2S 

1 1504 

3 83 

37 

30 

80-33 

1 1045 

2 87 

27 

86 


* DoBlQXK W P and S C rntaeorr. /nd Edo Ck«m , SI: 1112 (1934) 


Duration of Fermentation Period. — In the production of citric acid 
by the shallow-pan, method, the fermentation is usually complete in 
7 to 10 days 

Yields. — On the basis of the sugar consumed, a maximum yield of 
90 7 per cent of citric acid was obtained from glucose by Wells, Moyer, 
and May Carbon balances were prepared to show e.xactly how the car- 
bon was used during the fermentations Clutterbuck and his associates 
have secured yields as high as 87 per cent on a semicommercial scale. 
Yields amounting to about 100 per cent on the basis of the sugar con- 
sumed have been reported by Butkcwilsch and Gaewskaya. Usually, 
however, about GO per cent of the weight of the sugar used in the medium 
may be recovered as citnc acid. 

Recovery of Citric Acid.- — At the completion of the fermentation, the 
solution is drained off and the mat is pressed to remove any acid contained 
in it Calcium citrate is then precipitated from a hot neutral solution 
By treating the precipitate nith an equivalent of sulphuric acid, the citric 
acid is liberated ami is recovered by separating it from the calcium 
sulphate 

The unconverted sugar may be fermented by yeasts and the citric 
acid crj'stallized directly, m an alternate method 
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Cultural Methods. — The successive transfer of spores from one lot of a 
medium to another of the same uniform composition may stimulate tbe 
mold to produce large yields of citric acid. Doelger and Prescott’ have 
demonstrated the effect of 18 successive transfers on titrable acidity. 
Twelve 250-cc. flasks, each containing 75 cc. of the standard medium 
(14 per cent sucrose) adjusted to a pH of 2.00, v'ere inoculated n-fth the 
spores of a strain of Aspergillus niger from a single culture and incubated 
at a temperature of 26'‘C. for 10 days. Twelve ne^v flasks were inoculated 


Table 124. — Average Titrable Aciditt Produced with Pichteex SuccEssnt 
Spore Transfers 


No. of inoculation 
series 

Average titrable 
acidity, normality 

Increase in titrable 
acidity from low 
point, normality 

Average spores on 
mat, per cent 

1 

0 4544 


10 1 

2 

0 3438 1 


S3 2 

3 1 

0 2844 j 

0 0000 

32.7 

4 1 

0 3298 

0.0454 

14.5 

5 1 

0 3430 

0.0586 

9.5 

6 

0 S760 

O.0W6 

BO 

7 

0.3250 

0.0400 

8.7 

8 

1 0 4703 

0.1859 

5 0 

9 

; 0 4308 

0 1464 

5 5 

10 

' 0 4801 

^ O.IPSC 


11 

0 3595 

0 0751 

3 3 

3 1 

3 3 

I 4 

1 6 

3 3 

1.3 

12 

0 5507 

0 2663 

13 

24 

15 

16 

17 

18 

0 5213 

0 5718 

0.4717 

0 C959 

0 6232 

0 8116 

0.2360 

0 2774 

0 1873 

0 4115 

0.3388 

0 5272 


from the spores that appeared on the mycelial ° S 

flasks This process was repeated at intervals ^ 

months Results of this experiment are shown in Ta e e^eral increase 

The figures contained in the preceding table indicate a g 
in the level of titrable acidity with successive trans fact 

titrable acidity after the first three transfers may be asc soJdtion 

that the mold had been grown previously in a 10 per After 

and required time to become ^justed to the nc'v cone ^ ^ ^ ^ 
producing a titrable acidity approximately equiva en 
tion, there is usually no further increase in the titra e 


1 Doelger and Prescott, loe ciL 
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The right-hand column of the table shows the relation of sporulation 
to yields. The term “average spores on mat” refers to the approximate 
percentage of the surface covered by spores. Those fermentations in 
which high yields of citric acid were obtained showed only a few spores 
or even a complete absence of spores. Thus sporulation may be used a-s 
a means of judging the efficiency of a fermentation 

By seeding only one-fourth to one-half of the surface area of the 
medium with spores, Doelger and Prescott obtained the best results. 
Uniform sprouting of the spores is prevented if the entire surface is seeded, 
with the result that unsprouted spores become embedded m the mycelial 
mat. It is believed that the unsprouted spores may exert a toxic effect 
toward citric acid production 

For a detailed discussion of the technique of the fermentation, the 
reader is referred to the publications of Currie, Doelger and Prescott, and 
others (see the bibliography at the end of the chapter). 

Characteristics of the Fermentation. — Sterile nutrient sugar solutions 
in shallow pans are inoculated with mold spores and incubated at the 
most favorable temperature for fermentation. The spores commence to 
sprout after a few hours and within 2 to 5 daj's the surface of the medium 
is covered by a firm, mycelial mat. With the formation of the mycelial 
felt, citric acid production proceeds at a rapid rate, and the fermentation 
is usually completed m 7 to 10 days. 

Figure 79' shows curves for titrable ocidity, pH, and weight of the 
mat for mashes that were allowed to Incubate for 20 days at 24®C. 

When about 90 per cent of the sucrose originally present in tho 
medium has been converted to other products, the rate of increase of 
titrable acidity diminishes. Likewise when the concentration of citric 
acid is greater than approximately 7 per cent, it retards the rate of 
increase of titrable acidity. In a normal fermentation, the titrable 
acidity increases up to the ninth or tenth day, at which time there will 
be 7 to 8 per cent of citric acid and less than 1 per cent of oxalic acid. 
(An 8 per cent citric acid concentration is equivalent to a 1.2 N solution.) 
Citric acid is broken down unless it is rcco\cred vithm a reasonable 
time after being produced 

Production from Cane Molasses. — Perlman, Kita, and Peterson* 
studied citnc acid production from cane molasses They found that 
yields by strains of .1 ntger from untreated solutions of mola'ssos were low 
in comparison with those obtaincil from synthetic and l)cct-molas.‘>03 
media Tlio synthetic medium contained HO g. of purified sucrose, 2.25 

> Ibvl 

• I’».RL«AN, D, D A Kita, and W* II Peteb.'^ov, Arc/i. Rtochtm, 11 (N'o 1): 
123 (lOtCl 
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g. of NH^XOa, 1.00 g. of KHjP 04 , 0.25 g. of MgS04'7H20, 0.1 mg. ofFe 
(as FeNH 4 (S 04 ) 2 ‘ 12 H 30 ), IICl to a pH of 2,3, and distilled irater to i 
liter. The beefc-molasses medium contained 280 g. of beet molasses 
diluted to 1 liter with distilled water. This was treated by adding 1 2 g 
of K^Fe (CN)«- 4 H 50 , 2 ml. of 1 N HjSO^, and 10 g. of filter celi, and 



6 6 to (Z 14 Id ZO 
Ooys 



The supernatant solution had a pH of 6.5. medsemvitli 

Replacement of a part of the synthetic, or beet-mo ' 2 25 g. 

a, Cuban high-test molasses medium (ISO g. water 

NH.NO 3 , 1.00 g. of KH 3 PO., 0.25 g. of ^rgS 04 - 7 H A ^na 

to 1 liter), or the addition of small amounts of as r 

test molasses to these media, resulted in lower yw s 0 bert 

ishes from other samples of cane molasses an , 
molasses gave similar results. However, the as Id 

treated beet molasses did not cause a 

the synthetic and beet-molasscfs media- Thus, I er respea"'*'^'' 

concluded that the inorganic materials found Jn mo ^^j^jction. 
for at least part of the inhibitor)- effect on citnc a 
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Treatment of the molasses wth cation exchange material or l^'ith 
potassium ferrocyanide reduced the amount of ash and resulted in 
improved yields in most cases 

Lamb;^ Das Gupta, Saha, and Guha,* and Chatterjeo* also have 
reported on studies made on the use of molasses for citnc acid production. 

Production from Beet Molasses. — The production of citric acid from 
beet molasses has been investigated by Roberts and Murphy,* by 
Gerhardt, Dorrell, and Baldwin,® and by others. 

In the laboratory method of Roberts and Murphy* beet molasses con- 
taining calcium carbonate is impregnated on sphagnum moss The 
soaked sphagnum moss is distributed in a layer I to 2 in. deep, inoculated 
with the spores of A. niger, and incubated at 25®C Yields of 25 to 30 g. 
of calcium citrate from 200 g. of molasses have been obtained in 2 days. 
Calcium gluconate is also produced 

The molds used by Gerhardt and associates %\ere two strains of A. 
iitger: strain 02 (No 07 of Wells, Moyer, and May— 1930), and strain 72 
(American Type Culture Collection No. 1015). These uere selected 
from a total of 20 on the basis of their superior fermentation ability. 
Spores for inoculation purposes were grown m bottle plates containing 
sucrose nutrient agar. After 0 to 25 days, spore suspensions uero 
prepared from the cultures and were standardized to contain about 
50,000,000 spores per ml Approximately 1 ml. of suspension was used to 
inoculate a surface area of 50 cm * and 20 ml for 5 liters of medium (6 cm. 
deep) in an aluminum pan measuring 36 X 25 5 X 7.5 cm. 

Although four samples of Straightbouso beet molasses from different 
localities were treated with pota-ssmm ferrocyanide, optimum conditions, 
which were as follows, were determined for only one sample: A quantity of 
340 g. of beet molasses, partially diluted with water, was treated with 
0 00 g of potassium ferrocyanide (in solution) The mixture was made 
up to 1 liter w ith distilled w atcr Ten grams of diatomaccous earth were 
then added and mixed in uniformly The mixture was permitted to 
stand ovemiglit at about G‘’C m a graduated cj’lindcr or similar con- 
tainer The treated medium was di«;pcn*^ in the fermentation con- 
tainers (0-oz bottles, glass tumblers, or shallow aluminum pans) and 

‘Lamb, A 11,7‘w Ilavatian Sugar I’lanftrt’ A»^ , lirpl Expt .Sfa , 66: 1-I2-1-I3 
(1936) 

•DARGtrrA,G C,K C Saua, and H. C GiiiA.Jour IndtanChrm Soc,IniI ct 
NevsEd.ZiM (1910) 

* CiiArrriUEK, X 1’ , Jour InilionChtm Soe.,Inii .Ynr» 6: 201 (1012), 

* lloJiEUT**, O , and I) Mrunir, .Xr» Proe Roy DuWin .‘‘or , 23:307 (1911). 

* GruiiAUirr, r., \V. \\ Donnrut, and I-I.. Balowin, Jour /lort , 62 (No .'i).5V5 
(19J6) 
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autoclaved at 120'’C. for 15 min. The sugar concentration of the fiml 
medium was about 15 per cent. 

Effective treatment of beet molasses with potassium ferrocyanide, 
based on the yields of citric acid subsequently obtained from the medium, 
was found to depend upon the concentration of ferrocyanide used, the 
pH of the molasses, and upon the conditions of sterilization. Relatively 
small variations from the optimum concentration of potassium fem>- 
cyanide were found to result in reduced yields from the one sample of 
molasses tested. However, the yields of citric acid obtained from beet 
molasses treated with potassium ferriej’anide were nearly equal, and smid! 
v’ariations from the optimum concentrations did not appreciably influenee 
the yields. The optimum pH for the ferrocyanide treatment of bed 
molasses was about 7, rcgaiiJless of whether the adjustment of pH 
made before or after precipitation or after sterilization. Adjustment o) 
the pH was unnecessaiy' in the case of some samples of beet molasses 
The yields of citric acid were higher for one sample of beet molasses nben 
the medium was sterilized, and for three other samples when the medium 


was not sterilized. 

The media wore incubated at 30®C. for 10 days after inoculation. 

The yields of citric acid obtained from beet molasses in the sna o'*' 
aluminum pans (covered loosely during fermentation with sheet an* 
mmum) were 45 to 50 per cent based on the available sugar. . 

Citric Acid by the Cahn Method.— A rather unusual method of citrw 

acid production was advocated by Cahn’ in 1934. Solid materia, 
as cane or beet pulp, is impregnated with sugar solutions— suem. 
molasses. The unsterilized mass is inoculated with a mold cu “ ' 
age of which is said to bo relatively unimportant, and fermenta i ^ 
ceeds rapidly over the relatively large surface at a tempera 
35''C. The fermentation is usually complete in 4 days or 
time a yield of 55 per cent citric acid on the basis of the sucrose 
present, or 45 per cent acid, calculated on the basis of t ® pjay 

present m the molasses, may be expected. One poun o m r 
be secured from 5.7 Ib. of molasses and 2.75 lb. of bee p^^ 
may be used only once, while canc pulp may be use mo gj^i 

Production of Citric Acid by a Mucor.*— Solutioas Q production d 
gur have been fermented by a species of il/wcor f *ve fermentation, 

citric and o.xalic acids. By controlling the conditions o nia5h 

citric acid may be obtained with little or no o.-cahe a pH of 

containing 1 per cent added ammonium sulphate, a J 

J Caiin. F J.lnd Chem., 27; 201 (1935). ^ Culture S 

» Pas Gupta, G. C , Saha, K. C., and B. C. Ge«A, Science an 
307 (1938). 
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iind incubated at a temperature of 28“C. for a period of'7 days yielded 33 
per cent of citric acid on the basis of the sugar. 

The Production of Citric Acid on an Industrial Scale. — The earliest 
attempt to produce citric acid by fermentation on an industrial scale was 
made in Germany around the beginning of the twentieth centurj'. The 
many difficulties encountered made it impossible to meet the competition 
offered by the citrus-fruit industry and the attempt was abandoned. 

It is believed that some citnc acid was produced by fermentation on a 
commercial basis in the United States in the year 1919, but it was not 
until the year 1923 that appreciable quantities were manufactured b}' 
the mycological process, the first factory in the world for the commercial 
production of citric acid by fermentation being erected in New York that 
year. During the 3 ’car 1929, ‘ about 7,000,000 lb of citric acid were pro- 
duced b 3 ’ mold fermentation in this countiy', while at present over 20,- 
000,000 lb. are being manufactured annually by this method. The 
mdustr 3 ’ has expanded so rapidl 3 ' that the United States has not onl 3 ' 
become independent of outside sources but, for a number of years, has 
exported largo quantities of calcium citrate, pnncip.'ill 3 ’ to England. 
These exports have dropped markedly since 1935,* because England has 
developed her own fermentation process and the domestic demand for 
citric acid has become greater. 

England, Belgium, Czechoslovakia, and, probably, Russia now* pro- 
duce large amounts of citric acid by fermentation, following the successful 
establishment of the industry in the United States 

Although the details of the commercial production of citric acid have 
not been made public, it is believed that the acid is produced in shallow 
pans, using a strain of Aspergillus ntger. 

Production of Citric Acid by Submerged-culture Methods. — Earl}’ 
rlTorts to produce citric acid b}’ submerged-culture methods resulted in 
failure Yields produced by this method were lower than those obtained 
b}’ surface-culture methods, and occasional!}’ gluconic acid was pro<luced 
at the expense of citric acid 

WVlimcr* (1012) cndc.avorcd to produce citric acid from a nutrient 
^ucrosc mctlium containing chalk b}’ passing sterile air through it. Citric 
acid was produced as calcium citrate, but the conversion was low. 
Similar results were obtained b}’ Elving,* who caused the mold to grow in 
pubmrrgetl cultures !)}• means of aeration In 1920, Blo 3 'cr* reportwl on a 
process in which citric acid was produced in vats supplied with air and 

' Wellp, P \ , nnd II T IlEnnirs, Ind Eng Chrm., SO: 255 (193S). 

* WniMin, C , Chrm Zlg , iQi UOC, (It»I2). 

* Klvino, F , Soe. Fork Malh Xolunr, 16 (1918-1919) 

* IlLETrn, II , Gcminn Patent 431729. Oct. 0. I'W) 
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occasional mechanical agitation. Schreyer' discovered that aeration and 
continuous mechanical agitation increased the total production of acid by 
A. fumancus over that of controls in which the surface culture method 
was used, but that gluconic acid and not citric acid production was 
increased. Results obtained by Thies^ were similar to those of Schreyer, 
for he found that aeration of the medium with sterile oxygen increased 
gluconic but not citric acid production. In 1930, Araelung® investigated 
the production of citric acid from sucrose by A. japonicus in submerged 
culture using aeration. Although good yields were obtained by this 
method, they were not as high as those obtained by the older method of 
culture in shallow layers without aeration, Perquin^ discov'cred that the 
addition of solutions of glucose or sucrose to the preformed mycelium of 
A. niger resulted in gluconic acid production. However, some citric acid 
was produced when the solution contained zinc sulphate, potassium 
chloride, and ammonium chloride and was at a low pH. 

Successful production of citric acid on a laboratory or pilot-plant scale 
has been reported by Perquin,^ Karow,® Sziics,* IVaksman and Karoir, 
Waksman,® Karow and Waksman,*Shu and Johnson.'®’" Perlman," an 
others. 

Some Factors Affecting Production. — There are a number of factors t a 
affect citric acid production by submerged-culture methods. Some o 
these will be discussed now, others later. . . . 

Strains of molds differ markedly in their ability to produce ci no a 
by the submerged-culture method. Perlman" confirmed this y « 

70 strains of A. niger lor their ability to produce citric acid on 
ent media, glucose salts, sucrose salts, maltose syrup, beet mo 
ferrocyanide-treated beet-molasscs media. The facts he derne 
size the need for selecting strains carefully. 


* SennsYEn, R., Biochem. Zett., 202: 131 (1928) 

* Tikes, W., Ztv.lT. Bali. ParatiUnk^ 11. 82; 321 (1930) 

* Amelung, a., Chem Ztg , 64: 1 18 (1930) 

* Perquin, L. H. C., Doctor’s Thesis, Delft, 1938, 

* Karow, E 0 , Doctor’s Thesis, New Brunsvwck, K.J- 

sSzucs, J., US Patent 2,353,771, July 18, 1944 

^ WAKSSfAN, S. A., and E O Ivarow, U S Patent 2,391,031, 

« Waksman, S. a., U.S. Patent 2.400,143, May H, 

» Karow, E. 0 , and S. A. Waksman, Ind, Eng. C. S. flt 

« Shu, P , and M. J Johnson, Paper presented at meeting o 
City, April, 1947. .« ta - 1202 (191S)- 

“ Shu, P , and M. J. Johnson, Ind Eng. Chem., 40 ( • • Q,j,grcs3 of •' ' 

Perlman, D, Paper presented at Fourth Internal 
biologj'. 

Perlman, op. cit. 
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He reported that young spores axe better than old ones for producing 
citric acid and that the temperature of storage of spores (on agar slants) 
has a big effect on their ability to produce citric acid. Of the tempera- 
tures tested, 0 to 29°C., the range of 0 to 5®C is best for storage. Dete- 
rioration in ability to produce citric acid is most rapid at 29'’C 

The influence of the composition of the sporulation medium on citnc 
acid production by A ntgcr (strain 72-4) has been studied by Shu and 
Johnson.^ They made a number of significant observations and con- 
clusions The effect of increasing the concentrations of zinc, ammonium 
nitrate, and potassium dihydrogen phosphate in the basic sporulation 
medium ivas to decrease the rate of spore formation. Increasing the con- 
centrations of manganese to 9 3 mg./liter and malt extract to 1.5 g /I 
favored abundant spore formation within 48 hr. instead of the usual 68 hr 
However, the addition of 9.3 mg per liter of manganese to the sponi- 
lation medium reduced the yield of citric acid from the fermentation 
medium, whether used alone or in combination with traces of zinc, copper, 
and/or iron. It was shown that the amount of manganese carried from 
the sporulation medium with washed spores was sufficient in amount to 
reduce the yields of citric acid from the fermentation medium, and that a 
mere 3 micrograms of manganese per liter in the latter medium lowered 
yields appreciably. 

Trommer malt extract, but not its ash, when added to the sporulation 
medium reduced citric acid production in submerged cultures. Neither 
the malt extract nor manganese had any appreciable effect on citric acid 
production by the surface culture method, however. 

Perlman^ also observed that when zinc and/or manganese salts were 
added to a purified agar-sucrose-salts medium, the spores produced 
thereon often produced low yields of citnc acid. However, this varied 
considerably with the strain of mold used 

Temperature of incubation plays an important part in the production 
and accumulation of citric acid As a rule most strains produce con- 
siderably more citric acid at 26 to SO^C. than at 39®C Perlman also 
showed that there may be a loss in the citric acid content of flasks if these 
are placed at a higher temperature following initial incubation at a lower 
temperature. 

The influence of heavy metals on surface culture fermentations has 
already been referred to Such ions also have an effect on citric acid 
production by the submerged culture method, depending on the strain of 
mold used and other factors There appears to be an optimum concen- 
tration for each ion The low yields of citric acid obtained from some 
‘ Shu, P , and M J JonvsoN, Jour Bact , 64 (Ko 2) • 161 (19 17) 

• Perlman, op cit 
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technical grades of sugar and molasses are undoubtedly due, in part at 
least, to an inhibiting concentration of certain ions. Sjolander' ba 
shown that tlie addition of the ash of these carbohydrate sources to a 
s^'nthctic medium will result in a reduced yield of citric acid. 

Proditclio7i with Aspcrgillua tccnlti . — This fermentation has been 
described in a scries of publications by Jvarow and Waksman.*”* The 
following discus.<5ion is based on these reports. 

The process used by Karow and Waksman is singular in several 
respects; (1) the mold, (2) the use of a special medium for the growth and 
conditioning of the mold, (3) the aeration of the medium with oxygen or 
air under pressure together with mechanical agitation, (4) the u?e of a 
replacement medium for the production of citric acid with preformed cell 
material, and (5) the partial ncutraliralion of the citric acid in the replace- 
ment medium to increase the 3'ield of citric acid. Production by this 
method may be <livjded into 2 phases — a growth and a fennentation 
phase. 

THE MOnn, — A selected strain of Aspergillus xrentii produced the 
highest yields of citric acid by submerged growth in the researches earned 
out by Karow and Waksman. A. niger 2.3, which was used by Perqum* 


was found to bo inferior to A. tccnt/i. .. j 

The colonics produced from the mold spores of A. wenlii under w 
raergcd'growtli conditions arc generally globular in appearance c 
occasionally may be stringj'. Superior results in the production o ci 
acid have been achieved through the use of cultures ° j,* 

colonies. String)’ colonics usually result from too rapid jy 

about by the inclusion in the medium of substances that are pa icu 
favorable to groAvth, such os high nitrogen and iron. wose, 

CAnooiiYDR-sTE SOURCES. — Vorious souTccs, such as sucrose, g 
corn sirup, Hydrol, sugar cane juice, raw sugar, and mo gjire 

factory’ for citric acid production. Sucrose, in particu ar, an^ g Purified 
good sources. Raw sugar, though good, is inferior tjiose 

cane molasses is suitable, the yields from some types being ns i 


obtained from pure cane sugar. , ^ niay be 

Ion e.vchango resins, activated carbon, bone char, ^ 

used to purify the molasses. The treatment of resins) 

bination of bone char, Suehar CSP, and Amberlites (lon e 


yielded excellent results. 

> SjOLA.yDER, J li , Kachetor of Science Tbesjs, University 0 

* Karow, op cti 

* tVAKS\tAN, and Kakow, op cti. 

* tVAKSMAN, op. cti. 

* Karow and Wakswan, loo. ett 
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THE GROWTH iiEDiuii. — Karow found that the following medium was 
best for growing A. wentii and citric acid production: 

Sucrose 

Urea 

MgS0r7H,0 

KHjPO< 

KCl 

MnS04 4H,0 ... 

ZnSOiTHsO. . 

Water (distilled) to 
pH adjusted to 2 0 with HCl 

The use of higher concentrations of urea resulted in increased growth. 
A high nitrogen content in general increases growth and the consumption 
of sugar, but tends to decrease the amount of citric acid produced 

The amount of magnesium sulphate used may be varied appreciably 
t^ithout seriously affecting growth or citric acid production, as long os 
sufficient is furnished to supply basal requirements Effects due to tlie 
use of larger quantities of magnesium sulphate usually appeared early in 
tho fermentation and disappeared later. 

The optimum concentration of manganese sulphate appeared to be 20 
mg per liter. Larger concentrations of this salt did not stimulate citric 
acid production. It is possible that the manganese may act by helping to 
maintain a favorable oxidation-reduction potential. 

Zinc sulphate in the proportion of 10 mg. per liter increased tho yields 
of citric acid when manganese sulphate was also present in a concentration 
of 20 mg. per liter. Without manganese sulphate, zinc sulphate decreased 
the yields of citric acid. Manganese thus tends to antagonize the inhibi- 
tory cITccts of zinc. 

Other elTects of salts on citric acid production by A. tt’cnhi have been 
found. For example, the omission of potassium chloride from tho 
ba.sal medium appeared to result in dccrcascti acid production. 

Accessory growth factors had no apparent effect on tho production of 
citric acid by A. u-cnlii. Thiamin chloride, pantothenic acid, riboflavin, 
pyridoxinc, nicotinic acid, ascorbic acid, and p-amlnobcnzoic acid, each 
alone, and in combination, A\crc used in tho basal medium without effect 
on citric acid production. Com steep liquor increased the rate and 
amount of growth and total titrable acidity but not the citric acnl yields 
Yeast extract also increased the rate and amount of mycelial growth, and 
sugar consumption, but did not produce appreciable incrca'^s in citric 
acid accumulation. 

iN'OcuL-XTioN or THK MEDIUM — Karow states that citric acid produc- 
tion by .1. tfcnbi from the growth medium is inversely proportion.al to the 


150 g 
1 Og 
0 5g 

0 08 g. 
0 15g 

0 02g 

0 Olg 
1,000 ml. 



5U0 


INDUSTRIAL MICROBIOLOGY 


size of the inoculum. For lOO-ml. amounts of medium, an inoculum con- 
taining 0.25 to 1,0 ml. of sporcd in suspension is adequate. Amounts 
larger than 1 ml. result in lower yields of citric acid. 

After the medium is inoculated it should be permitted to stand for 12 
to 18 hr. before agitation and oxygenation are commenced, othenvise the 
yield of citric acid is decreased. 

EFFECT OF OXYGEN. — Oxygen has a profound effect on the production 
of citric acid by A. wentii. Best yields are obtained when oxygen is 
pa.ssed through the submerged cultures. Aerated cultures produce 
larger yields of citric acid than unaerated cultures, but yields from aerated 
cultures are decidedly lower than those from oxygenated cultures. The 
use of oxygen results in greater sugar consumption and development of 
mycelium. Oxygen, pure or combined with nitrogen, is essential for the 
production of citric acid by A. wenlh, also for the growth of the mold in 
submerged cultures 

EFFECT OF CARDON DIOXIDE.-— Although it has been shown by Foster, 
Carson, Ruben, and Kamcn' that carbon dio.xide participates in ^ 
sjTithcsis of citric acid by A. ni(fcr, the addition of this gas to submerge 
cultures of A. wenth at pH 2 0 docs not result in increased yields of citue 
acid. Actually 5 and 15 per cent concentrations of carbon dio-xide inhibi 
the production of this acid The supply of carbon dio-xide also resu ts 
in a lower consumption of sugar and decreased growth of cell 

THE nETLACEMENT MEDIUM. — Thc replacement medium was dcviseo J 
order to study the effect of various minerals on preformed cell ' 
The latter was produced by inoculating a sterile nutrient ! 
(described abox'e) wdth a heavy spore suspension of A. wenlh, men a ^ 
at 28®C , and aerating with sterile air. Cell material 
days’ incubation was used in the study, since it v as discovere - 
mycelium was more efficient than old. , . j 

The replacement medium, selected after considerable rosoarc , 
following composition* 


Sucro.se 

150 p 

0 og 

Urea 

0 05 )t 

KH*PO« 

0 

KCl 

0 02 e 

.MnSO« 4HiO 

0 01 g 

ZnSO< 7 H 2 O 

l.OOOmi 

Water to 


jvflterio jj 

Sufficient nutrient salts were added to the medium to grow th 

in an active enzymic condition and to produce a s Jg i Acal Sc • 

» Foster. J W , S F Carson, S Kubb.v, and M D - KameN, 

27: 590 (1911) 
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Nitrogen (from urea) and phosphate (from KH2PO4) stimulated the 
production of citric acid. Magnesium sulphate had an inhibiting effect 
and thus was not added to the medium. 

EFFECT OF PARTIAL NEUTRALIZATION OP REPLACEMENT MEDIUM — 

Partial neutralization of the acid produced by A wenln in the replace- 
ment medium by the use of calcium carbonate leads to increased produc- 
tion of citric acid. When the acid is completely neutralized, oxalic rather 
than citric acid is formed. Neutralization of the acid to a pH higher than 
the range of 3 0 to 3 5 leads to oxalic acid production, as does neutraliza- 
tion with sodium, potassium, or ammonium hydroxide As much as a 
third of the acid can be neutralized with CaCOs without producing a pH 
as high as 3 5 

PILOT-PLANT SCALE PRODUCTION. — Karow Carried out an experiment 
using a large bottle. Five liters of the growth medium were placed in it 
and inoculated with the spores of A wenln The bottle ivas caused to 
rotate on its side at the rate of 21 r p m and 6 to 8 liters of o.xygen per 
hour were supplied to the medium After the tenth day, acid production 
dropped sharply The cell material uas filtered, and washed nitb sterile 
distilled water. Five liters of the replacement medium were added, and 
fermentation continued for 10 days under conditions similar to the 
preceding From the 4 liters of the growth solution, 135 0 g of anhy- 
drous citric acid were recovered; from 3 7 liters of the replacement 
solution, 198 7 g 

For further details on this process, the reader is referred to the reports 
by Karow and Waksman cited herein 

Production by the Szucs Method. ’ — In this method for producing citric 
acid by submerged fermentation, the mold is first cultured m a growth 
solution. The latter may be inoculated with the spores, pregermmated 
spores, mycelium, or comminuted mycelial mat of A. niger or other mold 
species that has the ability to produce citric acid from carbohydrates by 
surface fermentation. Finely dispersed, sterile, oxygen-containmg gas is 
passed through the medium, which is also stirred After developing 
sufficiently in the growth solution, the mycelium is separated out bj' 
centrifuging, decanting, or filtration, and placed in a second solution, 
known as the fermentation solution This solution contains a carbo- 
hydrate, such as sucrose, fructose, glucose, purified molasses, corn sirup or 
corn sugar, and nutrient salts, but contains no assimilable phosphorus 
compounds. (The presence of a small quantity of phosphorus com- 
pounds will retard but not prevent the formation of citric acid ) The 
fermentation solution is agitateil and stirred An oxygen-containing gas 
(unmixed oxygen, or mixtures of oxygen with nitrogen or air) is passed 

’ SzOcs, op at 
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through the solution in a finely dispersed state, with or without pressure. 
For example, oxygen or a mixture of oxygen and air containing 40 to 50 
per cent by volume of oxygen, may be passed through the solution at (he 
usual atmospheric pressure or under pressures of 1 to 4 atmospheres 
Active carbon, ascorbic acid, glutathione, or other accelerators that act as 
oxygen carriers, may be added to the solution. Calcium carbonate or 
some other suitable neutralizing agent may be added to the fermenta- 
tion solution before or during the fermentation for the purpose of 
neutralizing the citric acid. The fermentation may be carried out in 
the temperature range of 18 to 28®C. However, a temperature of 25*0 
is preferred by Sziics. After the fermentation is completed, the myce- 
lium may be removed from the solution and used in one or more additional 
submerged fermentations. 

An example of this fermentation follows:' A growth solution, ic 
contained 25 to 50 g. of sucrose, 2.25 g. of NH 4 NOJ, 0.3 g. of KHj »• 
0.25 g. of MgS 04 - 7 Hj 0 , and 10.0 ml. of N/1 HCl (pH 2.0) in 1 liter, 
sterilized and inoculated with the spores of A. niger in aqueous suspw 
sion. The solution was stirred and sterile air in a finely 
tion was passed through it. After growth for 3 to 4 days at 
mycelium was separated from the growth solution and washe , 
tilled water. The washed mycelium (5 parts by weight m 
mycelium for 1,000 parts by weight of the 2 of 

then placed into the fermentation solution, which c^n^" . . ^ 
sucrose, 1.1 g. of NHuVOa. 0.15 g. of KCl, 0.25 g. of J 

10 ml. of N/1 HCl (pH 1.91) in 1 liter. The „ .nd 

agitated vigorously with a rotary stirrer revolving a ^ outers of 
finely dispersed o.xygcn was passed through it (100 in ■ r 
solution per minute). The temperature . u^sis of 

about 4 days, a yield of 70 to 75 per cent of citric aci , on 


sugar consumed by the mold, was secured. 


—According to 


Shu and 


Production by the Method of Shu and Johnson .-— obtained fm® 
Johnson,*’* yields of 72 g. of anhydrous citric acid may o while 

100 g of sucrose in 9 days by a submerged 
using a strain of A. niger derived from A.T.C.C. i o 

The organism was carried in soil cultures. Be om ^ gporulat®” 
ferred twice on sugar-agar slants and then culture suspen*''’'’ 

medium (medium A in Table 125) for 3 to 5 ays. 
prepared from the spores was used as the inoculum. 

‘ of A C S. at Allan''' 

a Siiu, P., and M J. Johnson, Paper presented at meeting 
City, April, 1947 

a Sue, P , and M J. Johnson, Ind. Rng. Chem., he. cU. 
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The basal medium was prepared as indicated in Table 125, adjusted to 
a pH of 3 8 with hydrochloric acid and distributed in 50-mI. amounts in 
500-ml. Erlenmeyer flasks. These were inoculated ^\ith spore suspen- 
sions. The flasks were then agitated at 270 r p m on a rotaiy shaker in 
such a manner that each described a horizontal circle 1 m in diameter. 
The incubation temperature was 25*C. 

A number of factors TNerc found to be important m obtaining good 
yields of citric acid. Sucrose concentrations of 140 to 264 g per liter w ere 


Table 125 — Compositiov oh Media* 


Constituents 

Medium A, 
nt /liter 

Medium B, 
ttt /liter 

Domino sucrose, g 

1-10 

HO 

liaeto agar, g 

20 


KIl.POi, B 

1 0 

2 5 

MgS04-7HAE 

0 25 

0 25 

NH 4 NO 1 , 8 

2 5 

2 5 

HCl . 


To pH 3 8 

Trace metals* 



Cu**, mg 

0 -IS 

0 OC 

Zn++, mg 

3 3 

0 25 

Fe**+ mg 

2 2 

1 3 

Mi\++, mg* 

< 1 0 

< 1 0 


* Bao, p , and M. J. JoHwaoH. Eng Chtn . « (No 1202 (1948) 

quantum of ift«lud« amounw ptosent m impurjii** m etliM ceaniluanti of the 

medium. M«dia «efe atarjliied at 120*C (or 15 n*in 

» Thfl Importanco of low manganew eontratfatioM m botK aporulation and ftrmeBtation tnrtia for 
f uhnwrged «in« acid production ia demonstrated in work reported etoewtere, 

optimum for citric acid production on the basis of sugar utilized Lom 
yields were obtained with low sugar concentrations It was npre‘*sary to 
keep the manganese content of both the sporulation and fermentation 
media low to obtain good yields.* Magnesium sulphate m concentrations 
l)clow 0 5 g per liter resulted in lower yields, while amounts from 0 5 to 
2 g. per liter did not alTcct the conversion efTiciency Iron was iiuohcd 
directly with the growth of the myccluim and with the citric acid j icl s. 
A concentration of 1 mg. per liter was optimum At too low concentra- 
tions of iron the utilization of sugar was poor Urge concentrations 
favored heavy growth of the mycelium which was inclined to result m 
smaller yields. The phosphate ion nppcarotl to be conccme<l with citric 
Mid production, in addition to its effects as a buffer and food constituent 
The optimum initial pH range was 2.2 to 4 2. At too low initial pH 
i'^vels, growth and acid prcnluction were retanicd Maximum yields w ere 

' P., and M. J. Joiissov, Jmr. Baet , he ett 
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obtained in 8 days with the aeration and agitation provided by a rotarj- 
shaker and in 11 days by a reciprocating tj’pe of shaker. 

The chemical changes occurring during a fermentation of the basal 
medium (medium B in Tabic 126), containing 25 per cent sugar and at an 
initial pH of 4.5, arc shown in Fig. 80. 
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no so — Chemical changes during fermentation. {CouTtny ofT, -SAu and N. 

Ind. Ena. Chtm.. 40 (No. 7). 1202 (1048) I 

Effect Of Treatment of Commercial Sugars with 
Agents. — Perlman, DorreU, and Johnson' found that 
of sucrose and glucose gave low yields of citric acid when 
niger 62, due to the metallic ions contained. However, a ^ 

had been treated by passage over cationic exchange ma ’ jp, 
"Alkalex” (Research Products Corp., Madison, 

100” (Resinous Products Sc Chemicals .L’niorelfea" 

Karb H” (Permutit Co., New Vork), the yields were inc 

threefold (refer to Table 126). i" **’' 

TTses.— Approximately 05 per cent’ of the citr c ^ 

United States is employed for medicinal purposes t caadie-'; 

cent in foods (flavoring extracts, soft drinks, e dyeing sen 

and small quantities as an ingredient of ink, m ^ ^ ’ncpartment of 
calico printing, and in engraving, according o e 


Commerce. _ ^ .(.y Forniah'"''''t 

Theories Concerning the Mechamsm o the foriuntinn o 

Although many theories have been advance o e. 

■ Peblman, D , W W. Dosbem, and SI- J- Sotixsox, hn 
131 (1946). 

’Ibtd. 
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citric acid from carbon-containing compounds, none proposed has satis- 
factorily explained all the known observations. Various tlicorios are here 
presented to show the complexity of the reactions that may occur in this 
fermentation rather than to assume that any one of them shows the true 
course. Any thcorj' proposed must account for the production of citric 


Table I2G — Heffct of Tbeatme*«t op Commercial Scoars by lovic Kyciiakcp 
MET iion ov Acid roRxiATiox (Straiv C2)* 


SiiRar 

' Treatment 

Yield of 
eitnc acid, ■ 
per cent | 

yield of , 
oxalic acid, 
per cent 

Sugar fer- 
mentc<l, 
per cent | 

Length of 
fermenta- 
tion, d.nys 

C’.inc Burro«c 

N'onc 

21 4* j 


3(.4 

8 


Cationie exchange 


4 1 

OS 0 

8 

IJeet sucrose 

Xone 

11 3* 


17 6 

8 


1 Cationic exchange 

66 8 

5 C 

! 97 5 

' 10 

(•IlK (ixp* 

None 

20 5* 


' 33 2 

S 

1 

[ Cationic oxch.angc 

63 0 

7 2 

09 0 

10 


■ I’miAfAX D n M Oomickt, An4 M J JonvaoH. A'M AiofAm . 10 (.S'o 3). ISt (1948) Rdta 

in jnclitim \ «ef« utivi Yi«M« »»«/or«Uy of ji»lJ of cUne »eiif. 

• CorcInM* (cl'Kour inonolit4r«l*) 

■ TilriuMo •ri'lKy ro]cuIit«>l •• riirie O'lil 

arid from 2-, I1-, 5-, (►*. 7-, and 12-carbon compounds if it is lo he 

nccppiablc It mii‘t nccomit for high yields of citric acid from suRars, 
mIik’Ii in some instanrc'i h!i\e upproache<l 100 per cent on the ba-is of 
the FUpar eoii'-umed 

Marc and I’orrier (1901) sucRcstcd that citric nciil aroMJ n't a product 
of incomplete respiratory mctiiboli-m. 

I’ar:i'<;icr!i:irmic anil jilaynl an important part n'l an intermediate in 
a theory propo'Cil by Ihichner and Wu<AtrnfcIil Sugar was broken 
iboin to paniNiccliarmir acid, nhicli I'an rcarrangcfl to form citric neuL 
\ r<iniirn-4ition reaction would l»c nree-ssary to e\pl.ain citric and forma- 
tion from ^ome Piigars (Herzog and INiIotBky, 1909). 

lailer (11KK>) anil others siiggestnl that pynuic and was formitl 
from -Mgar and tliat this w.as drcunipo-cd to acetaldehyile and carbon 
dioxide Tlins* mnleniles of nrelaldchyde con(len«cil ami the proiluct 
was oxidized (o nfric and 

3C,n,KI* -•OfIbttX (Mill — fitx;, + 2fMI,0, 

rjrqrl-anl < ilnr I'l-l 

The maximum yield 1 )a' llii-* tlienrj rouM only l>e 71 1 per cent of 
ntne at id Thendon* tlii< hxpotlie^is can lx* rhininaletl on quanlit.atiie 
groiiiiili almie 

In iniU, Uni'trirk and ('lark puggesjeid Omt bexosr i* broken do«n to 
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a 7 -diketoadipic acid, which then becomes hydrolyzed to acetic and 
oxalacotic acid, these two acids combining to form citric acid. 

cno cooir coon 


coon- 


non 

non +?^o, 

^noii i=o 

mou - 211,0 iir. 

i=o 

+n,o in. 

cn,-cooH 

— » p/nm pnoTi 

non 

non 

Jnon 

;nori 

c=o 

in, 

’ iooH 

Oxalspptie 

acid 

insOOOH 

UxOH ( 

;ooii 

icon 

+ 



cn, 

ioonJ 


Oxalic acid may ari.se from the breakdown of oxalacctic acid and the 
oxidation of acetic acid.' 
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Although this thcorj' can account for the high yields of 


nijii. ’d from 

from a hexoso, it docs not account for the production of t is ^ 

substances other than a hexose, unless it is assumed t a o 


Call.xO. + HOz 

Glucoa* 


synthesized in each case. ^ .v i was directly 

In 1924, Butkewitsch proposed a scheme in which g ucose 
oxidized to citric acid: 

-♦ C.H.O, + 3H*0 

Cxlnc acid _ 

Butkewitsch was of the opinion that glucose passed first to g 
which was subsequently transformed to |^(.gndens.ation 

was then supposed to undergo an intramolecu ^ . j oddatm^r 
form a five-membered ring. Rupture of the rmg, o 
led to the formation of citric acid: 
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Wehmer (1925) Buggestcd tho possibility of tho following reaction 
taking place, since calcium gluconate was fermented by Aspcrgillun 
niger to citric acid: 

Glucose — ► Gluconic acid — * Citric acid — * Oxalic acid — • Carbon dioxific 
Saccharic acid was the principal intermediate product In a theory 
suggested by Franzon and Schmitt (1025): 

byb<*nriliR 

Sugar — » Saccharic acid — * ^-^-Dikcloadipic aci<l * Citric arid 

acid ri-arrangrmcnt 

Challenger and his associates (1027) added wclgJit to this theory, for 
they isolated saccharic acid from media containing glucose that had been 
fermented by ^1. niger. Calcium gluconate also yielded racclmric and 
citric acids. Citric acid was obtained from potassium hydrogen raccha- 
rate solutions inoculated with A. niger. Benihauer, however, doc'S not 
believe that saccharic acid is an intermediate product in the citric acid 
fermentation, as the result of hb work with a large numlxrr of inold^. 

Theory of Chnaezcz an/I Tiuhow . — From tho observations (1030) 
that certain molds have the ability to pro'Jute citric acid, along w'ith 
succmic, fumaric, and malic acids, from acctie acid and ethyl alcohol, 
Chrzas 2 cz and Tiukow have formubled their scheme for the formation 
of these acids. Two molecules of a^.etie aeid are dehydrogenalwl to 1 
molecule of gucdnic acid, nhicli, in turn, by loss of bydrogom, pas"-s to 
fumaric acid. Tills aeid is converted to malic aeid upon the a/lditiori of I 
molecule of water. One molecule of malic aeid and 1 jnoUxnih of 
acid combine with the lo^s of hydrogen to form citric acid. 
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It W&5 later sugg'sVd that iLemstjal *tage m tf-e pr'/Ju' /f au 
£.rid from sugars wi* i-milar to that of elLyl nt.tV,/ 

this fact were Ini*-, ih/'S iLe laaxnaum ft',./ y..^ 

flould not ex.v^ 71,1 yrc/'z.iz:^ th»js*so<4f 
ctzifza dionde i.'A exooed *' ^^*TcC» a-od Wu- 
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shown definitely by tlio use of carbon balance experiments that yields 
considerably higher than 71.1 per cent may be obtained from glucose, 
also that the ratio is greatly exceeded. These general obsena- 

tions have been corroborated by others. 

Bemhauer's Theory. — Bcmhaiicr, Bockl, and Sicbenauger (1932) have 
suggested that acetic acid and ethyl alcohol arc formed from sugars b)' 
molds in the manner indicated by Nenberg’s scheme for alcohol produc- 
tion by yeast.s. Acetic acid i.s converted to citric acid through aconhic 
acid as follows. 


c,ir„o« .2Ciri Cooii -ii, err, coon -h,ch cooh 
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Sueclole ftcid 
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+ CHiCOOIt -H. 


CIIiCOOH 
in COOH 
illfCOOH 


CH COOH 

-H.icoou i(OH)COOH 

ill,. COOH 


iiiT 

I 


Atonitie 

- CO, 
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in, COOH 

Itarome aeid ^ 

The preceding scheme is based on several „-(ric acid 

Chrzaszcz and Tiukow). Aconitic acid may o,.er 20 pf' 

by molds producing citric acid (one strain la^ mg ,j. 3 j,sforiiieil 

cent citric add from aconitic acid) 'vhile citric aci hestse- 

to aconitic acid, hlethylglyoxal has jpnn 

diphospliatc by aspcrgilli, ivhich have the a i y ,„aviiiiuiii yidJ 
This theory is not acceptable, hoivcver^ be „,io of 

of citric acid by tliis scheme cannot aot exceed 1 

tlie weights of citric acid and carbon dioxide . fermenlat™”.”' 
Furthermore aconitic acid has not been iso a , g itacoaie, cid'*^’ 
sugars by molds, although Axpertftllm ilacontcus p 
and gluconic acids from sucrose and , conversion of sii«”” 

Acory of Faidc.-Emdc’a scheme (1935) for the con^^^ y 

to citric acid through quinic acid ivas propose p^i^iired to citnc a 

Fis< 3 her and Dangsehat that quinic acid cou 
by periodic acid. 
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■ HO COOH 



CIIOH 

Quime ftcid 


HO COOH . 

N/ 



HOod IcOOH 


Citne acid 


The maximum po'jsiblc yield of citric acid from sucrose, according to the 
Emde’s scheme, is 56 1 per cent. 


C.iH«On + SO, -* C,H„0, + SCO, + SH,0 

SucroAc Quinic a^id 

CjHijO, + 5^0, — C.H.O, + CO, + 211,0 

Quime acid Cittie •<■<( 

Therefore, on the basis of juelds alone, tins tlieorj' is untenable. Butke- 
witsch, who had suggested that only molds with the ability to produce 
citric acid were able to ferment quinic acid, was unable to obtain citric 
acid from qumic acid by fermentation. 

Theory of (7«c/fct — -The scheme proposed by Gudlet (1935) is based 
on the fact that glucose may split directly into a 4-carbon molecule, 
succinic acid, and a 2-carbon compound, acetaldehyde. (Virtanen 
originally suggested that this reaction might take place in the propionic 
acid fermentation.) 

COOH COOH COOH-1 COOH 

-I-Htocln, -Hidir +ii,oiH, in, 

c.n»04— — ► B —I -n,T 

CH, CH CIIOH ‘CtOID-COOH 

iooii iooii iooii in, 

Succini« rumanc .Mal.c I 

and .od and (JjqOH 

CH, cno + MO, cn. coon-* 

Acftaldahrde Acrlicacid Citris aeid 

The high yields obtained from glucose, on the basis of the sugar con- 
sumed, could lie explained by this scheme since decarboxylation Is not 
concerned 

The theory that acetic acid is directly converted to succinic acid and 
citric acid ha*! been attacked by Hutkeu it.<mh, Men*<!hinskaya, and Trofi- 
mova (1935) who liold tliat citric acid is formed from substances of the 
mycelium by Aspcrgrllua ntger, the process being stimulated by the 
addition of acetic acid These investigators state that there is no direct 
connection between the consumption of acetic acid and the accumulation 
of citric acid, oxalic acid being the principal substance protlucetl from 
tlic conversion of acetic acid. 

By carcfiilly weighing the mycelium, citric acid, acetic aeid, and 
other produet^ involved, Bemlmucraml other* Iiaie seeiireil information 
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by wliicli the}' Jiavc boon able to refute the Iiypothesis of citric acid 
formation from substances of the mycelium. 

Anotlicr hypothesis concerning the fermentation of acetic acid is 
tliat it is used in the synthesis of carbohydrates which are kter broken 
down to citric or succinic acids. Tin's theory has little evidence for 
support. 

When citric acid is fermented anaerobically with yeast, each molecule 
ol citric acid jdeids 2 molecules of acetic acid, 2 molecules o! carbon 
dioxide, and some formic acid. Salmonella aeriryckc decomposes citric 
acid into acetic, succinic, and formic acids. Theso facts indicate a 
pos-siblc connection of citric acid with acetic, succinic, and other acids. 

Theory of Ctusa and BrSllJ — Ciusa and Briill have shown that the 
addition of malic acid, glycolic acid, or mixtures of the two acids to 
nutrient sugar solutions, adjusted to a pH of 3.5, increased the yields of 
citric acid produced from sugar by A. nigcr. Tho addition of malic an 
increased the yield to 332 per cent of the sugar consumed, while glycolic 
acid increased the yield to 132 per cent. Wien equimolar quantities o 
malic and glycolic acid were added, tho yield was increased to v2S 
cent. On the basis of these results, Cius.a and BriiH suggcstca * ^ 
last phase of the intermediary reactions in the citric acid fermen lo 
might be a condensation of malic and glycolic acids: 
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The citric acid fermentation might bo scheraaticaWy repre 
follows, according to Ciusa and Briill' 
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* Curst, R., e L. BBCLt, Ann. chttn. apj^fcaia, * • 
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For further details concerning the mechanism of the fermentation, 
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CHAPTER XXVI 


THE GLUCONIC ACID FERMENTATION 


Gluconic acid (CeHuOr) is produced by the oxidation of the aldehyde 
grouping of glucose. This cont’ersion is represented by the following 
equation* 
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Methods of Production. — By chemical me.ans, gluconic acid may be 
prepared from glucose by oxidation with a hypochlorite solution. Glu- 
conic acid may be produced, in a second method, by the electrolysis of a 
solution of the sugar containing a measured amount of a bromide. 

Gluconic acid may bo produced by the fermentation of nutrient solu- 
tions of glucose by many molds and bacteria. Great differences exist, 
however, between the various microorganisms in respect to their adapt- 
ability for commercial use. Some, of course, produce only small yields 
of gluconic acid; some may be classed as slow fermenters; some lack sta e 
cultural characteristics . > 

Historical.— The production of this acid by microorganisms was Iirsi 
observed by Boutroux in 1878. Myaxlcrma aceli {Acetobaclir acelij 
produced a substance from glucose which was first thong t to 
acid but which was identified two years later os gluconic acid. 

Molliard, in 1922, discovered gluconic acid as a produc “ 
fermentation, along with citric and oxalic acids. The oci ^ 

in sucrose mashes as a result of the action of ® 

(Aspergillus niger). Molliard later developed some optimum 

for the fermentation. ,„eiild oroduce 

In 1921 Bemhauer discovered a strain of A. mger carbon- 

gluconic acid almost exclusively when in the “ tcmporaliire 

ate. Bornhauer has shown that thia mats gro™ at^ a Ion ^ 
with a low supply of nitrogen favo^ the p obtained when the 

On the other hand, higher yields of , „itrogen supply high, 

fermentation temperature was relatively high, the nitrogen 

and the mats heavy 
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Preparation by Mold Fermentation. — An f\(fn'>i\(* ^tll(ly of tin. 
>:luconic nci(i fermentation lias been carried out over a period of years by 
May, Herrick, Moyer, Helihueh, Well-, Stijlihs, and others of the U.S. 
Pepartment of ARriculture In 193S it was shown liy Gn-trock, I’orRcs, 
WelN. and Moyer tliat pluconic acid could lie Mteees-fnlly produced on a 
pilot-plant scale from refined com stiRar (commercial f’hico'<e). In 
Rcneral, phiconic acid may lie produce<l l»y mold fermentation, u-iiiK tho 
siiallow-pan metlitxi or n.«mK suhroerRcil mold growiIiH under iiicrea-csl 
air pres'ure. The hitler method is much superior to tlie fornuT, not only 
in re-j)cct to the tune reipnreil for the fermentation hut al-o in tlie > ield 
and in the ea^o of produetioiK 

The Shallow-pan Method. — In the shallow-iian method, a sterile 
nutrient p!ueo-o solution is inoeulated with the mold ami meiiliated m 
rahinets <le-iRne<l to prevent contanimathm The myreh/d niat dm elo/w 
as in the citric acid formcntatioii, and rIucosc h tran-formcd to Rlneonie 
acid by the mold enzyme — an oxid.i-e. Durinc incubation the mat must 
not be disturbwl 

Herrick and May, usinR/VmciWiMm puriutrogrnum var rnhrmrlcroUunt 
(Tliom No 2,()7()), found that rIucoiuc acid could h» produced to tho 
p\clu-ion of other acids. After consideruble cxpermu-iitation, they 
ailoptod the follow’tng nulricnl sail huliitum. 


Clrtims iior bitrr of 
(jjin-exo ,‘<»luti»a 

7IIiO ft 2.'. 

KCl 0 0’> 

NujHl’O, 1211, 0, or n,fO, 0 J 

Nn.N’O, 1 0 

A 20 to 25 per cent cont'cntmtum of Rlueose ^ns most condiieive to 
liigh yields of the and, wiiilc a tcmperiiture of 2r»®('. was most fuvorahle. 
Lower temperatures resulted in smaller yields and retjiiired a lonRcr time 
for tlic completion of tlic fermentation At hiRlicr temperatures, ifie 
mycelial mats formcil rapidly, but they sank, with resultant low yields. 

The ratio of surface area to volume was important — one of 0.25 to 
0 30 was found to bo best for practical purpo-cs As tlie ratio of H»|uar(j 
centimeters to cubic centimeters approached unity, 82 per cent of the 
theoretical yield of Rluconic acid was prorliiccrl, but unity is an impractical 
ratio to employ. With a ratio of 0.16, only 30 per cent of the theoretical 
yield could be obtained. 

ARitation of the filucosc solution was considered. Wien the concen- 
tration of sugar was low, agitation was advantageous. The effect of 
agitation decreased witli tho increase of JBUgnr eoneenfration 'Iliere was 
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no advantage to be gained from agitating a 20 to 25 per cent solution of 
glucoso. 

A pH range of 3 to 0.4 wassatisfactotj-for thefermmtntKn. Altering 
llie pH values from this range brought about no advantages. 

The rate of o.vidation of glucose was greale.st bolwcen the fifth and 
ninth days. IVlicn the culture liquor in a fermentation was replaced 
witll a fresh, sterile glucose solution, an active oxidation commenced 
at once. 

Under tlic foregoing conditions yields of 55 to 05 per cent of the 
theoretical wore produced. 


IVloycr, itiay, and Ilcrrick* discovered a mold (secured from the collec- 
tion of Dr. Thom) which possessed biochemical and vegetative vigor, 
qualities lacking fn the culture of Pcnicillium lulewn purpurogenum 
investigated earlier, and which produced good yields of gluconic acid. 
Out of the more than 50 Pcmcxl.h\xtft species investigated, this mold, P. 
chrysogenum, culture 5,03-t. 11, showed the greatest capacity for producing 
gluconic acid. The following medium was used for the production of 
gluconic acid under nearly optimum conditions; 20 to 25 per cent com- 
mercial glucose, and 3.00 g. NaNO#, 0.300 g. KHiPOi, and 0.250 g. 
MgSOv7UjO per liter. A surface area to volume ratio of 0.4 to 0.5 was 
used. Under the foregoing conditions, 60 per cent of the glucose was 
oxidized to gluconic acid in 8 to 10 days at 30®C. Ferric chloride acted 
as a stimulant to growth and acid production when nutrients of high 


purity were used. 

Selection of Pan — In the prcKluction of gluconic acid through fer- 
mentation by molds, u.sing the shaHovc-pan method as described above, 
a very important consideration is that of the selection of an appropriate 
material for tlic construction of the pan. Several requirements must be 
satisfied, namely, noncorrosiveness to acid, lack of toxicity, lo\\ cost, an 
durability. Iron, zinc, and ordinary aluminum are attacked by acid. 
Nickel, lead, copper, and monel metal are somewhat toxic. G ass wou 
be satisfactory but it is easily broken and expensive. Bloc tin an 
bakelito may be used, but they arc also e.\'pcnsivc. Iron, w en enarae e , 
is satisfactory, but it is easily chipped, unwieldy, and expensive, 
quers are not good. Aluminum of a high purity, 09.45 per ® 
num, and containing less than 0.1 per cent of copper and manganese 

Orowlbs.-^ehroyer la 1023 

agitation, aeration, and the use o! calcium car f fiiltures which 

tL vield of gluconic acid from four to six times that of 

. Morna. A. J , O. E. and H- T. Hebhicx, , AM II, 

56:311 (1936). 
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•were not awaled. AspergiHus /umoncus was nsed in glucose solutions. 
The yield of citric acid by this organism was not altered by the change m 
conditions. Thies (1930) used the same mold but bubbled oxygen 
instead of air through the medium and obtained similar results. Currie, 
ICanc, and Finlay (1933) reported yields of gluconic acid as high as 90 per 
cent when the mold growth was submerged, when the medium was 
maintained in a high degree of ablation by means of a stirring device, and 
when air was draivn in large quantities into the solution. 

Laboratory Scale.— In work carried out by the Color and Farm Waste 
Division of the U S Department of Agriculture,' gluconic acid was 
produced in high yields by submerged growths of Pentcillium chryso- 
genum under increased air pressure The medium used contained 3 g. 
of NaNOj. 0.15 g of KH1PO4 and 0 125 g MgSO^-THsO and the equiv- 
alent of 20 per cent of pure glucose per liter. The addition of 1 g of 
calcium carbonate (CaCOj) for each 4 g of glucose caused an increase 
m the yields of acid and likewise ser\'cd as a supporting medium. 

The fermentation was carried out in 600-cc. gas-washing bottles with 
sintered-glass false bottoms. In each bottle. 200 cc. of nutrient medium 
were stcnlized (at 15 lb. pressure for 15 min.), cooled, and inoculated with 
mold spores Calcium carbonate, when used, was sterilized separately 
and added ascptically Filtered, humidified air was permitted to enter 
through the sintered-glass bottoms of the bottles at a controlled rate 
(40 cc. per mm), thus providing agitation and aeration. Under the 
foregoing conditions, 80 to 87 per cent yields of gluconic acid were 
obtained at a temperature of 30®C. when the air pressure was maintained 
at 3 atmospheres or above (jd an autoclave) and calcium carbonate was 
used in the ratio indicated. 

The Rotary Drum (Laboratory Sire).— In 1935, Ilernck, Ilellbach, 
and May* described the rotary drum, an apparatus for producing gluconic 
acid by submerged mold groiilhs The drum was developed in an 
attempt to find the most suitable type of equipment for the industrial 
production of gluconic acid by molds. It was constructed of aluminum 
containing less than O.l per cent of manganese and copper Ihickets and 
hafiles were attached to the inside shell of the drum, which soiwe*! to 
bring the oxygen of the air into intimate contact with the nutrient glucose 
solution and the mold. Facilities were available for sterilizing (he drum 
with steam before charging it with the medium, calcium carbonate 
(CaCOj), and inoculum. 

During operation, sterilized air is introduced through an inlet and 

>Mat, 0 E,n T IlEHmcK, .V J MoTER,andP .t tVr.uJ?, /nrf Eng Chrm,26: 
575 {I93tt 

’JjRnaicK, II T , It IIeluiacm, and O E. Mat, /nrf Eng rA<m . 27: 6S1 (1935). 
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pressure is built up in the drum. 
Thereafter a definite quantilj- of air fiows into and out of the drum at a 

ft::'! ‘0 

Tlic rotary dnim is slioirn in the accompanying photograph (Fig. 81), 



I'lo. 81 — LnboratoO'icilc fcrtnoototioA apparatus [Courteti/ o/Gaitrotk, Purge*. Wells, 
and stayer, Jnd Eno Chem , 30 • 782 (103S) | 


Initifll experimentation with the rotarj’ drum indicated that the time 
required for tlie fermentation was considerably reduced by its use. The 
following table compares the production of gluconic acid by different 
methods. 


Table 127 — Tub Pbouoction or Gluconic Acid by DirrFRENr JHethops^ 


Type of 
fermentation 

Organism 

Fermentation 

v^sel 

Yield of 
acid (theo- 
retical),* 
per cent 

Fermenta- 

tion 

period, 

da^-s 

•Surface 

Peninlhum luleum 

SbolIoiT pan (alumi- 

57 4 j 

' n 


purpurogenum 

num) 



Submerged (pres- 

P chrysogenum 

' Glass bottle (sintered 



sure). 


glass, false bottom) 



Submerged fpres- 

P. chrysogenum 

Rotary drum (ahimi- 



sure). 


num) 

i 



» Wells. P. A . A /. Mot*r. J J Stubbs, B T. Hebbic*. and 0. E. Mat, M Enr Ohm , 


89 : 653 (1937). 

* Prom 20 psi* cent glucose solutions. 
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Details 0 / the Rotary-drum Process {Labomlory Scale) — In the rotary- 
drum process, the selection of an appropriate organism, the mainte- 
nance of an optimum oxygen supply, the composition of the various 
media empJoj'cd, and the use 0 / calcium carbonate in the process are 
important. 

THE onoANisM .^ — Pentctlltutn chrysogenum, an organism used in 
producing gluconic acid by submerged growths under pressure, does not 
readily produce tlic large quantities of spores required for inoculating 
mashes. Aspergillus ntger (strain No. 67 of the Industrial Farm Products 
Research Division) was sefectod by W'cUs, Moyer, and their associates 
because it po.sscssed certain desirable characteristics — it readily produced 
spores and uniform fermentations. 

THE OXYGEN SUPPLY. — Thc effectiveness of the oxygen supply m the 
rotary^rum process is controlled bj’ three factors, agitation, air flow, and 
air pressure Upon the efficiency of these factors depends, largely, the 
success of the ferroeutation, provided the metUum and inoculum are 
satisfactory 

Optimum results were obtained when the rotation of the drum (see 
photograph on page 010) was 13 r p m I/tgher speeds produced exces- 
eive frothing of the medium Air flows of 400 to 1,200 cc per mm for 
a volume of 3,200 cc of mash were satisfactory. (Costs increase as the 
amount of air used increases ) By maintaining the gauge at pressures 
of 30 to 45 lb per sq m., excellent results were obtained. A pressure 
of 30 lb per sq. in was considered most practical, however, since higher 
pressures increased the danger of damaging the equipment and producing 
leaks The following tabic illustrates the effect of air pre-ssure on the 
fermentation of glucose to gluconic acid by ^^speTg^Uus mger: 


Table 128— The EpfSct of Various Air PnES'ji'Res ov Gii'co.vir Aero Yields* 
(Air flow’, 1,200 cc per mm , spcird, 13 rp m , vulame of medium, 3,200 cc , 
gluco**? available, 495 g , fermentation period, 18 hr , temperature. 30’C.) 


Gauge pressure, 1 
lb per sq in j 
(kg per sq cm J j 

1 

' Glucose 

\ eonsuraeil, 

' ^ams 

1 , 
1 Gluconic acid | 
! produced, 1 
gnuns 4 

1 CJuconjc acid yield vn 

Glucose 

1 consumed, , 
per cent | 

Glucose 
svadabJc, 
per cent 

5 (0 35) 

178 j 

173 1 

B9 1 

32 J 

J5 (1 05) 1 

257 

258 1 

92 1 

47 9 

30 (2 11) 

336 1 

351 ' 

23 0 

( 05 1 

45 (3 IG) 

429 i 

4S4 j 

97 J 

1 84 2 


‘ WehA. P. a . a i. MoTER, J J Stoeiib. H T Hmkkz. Rnd O E Mat, tnd. Eng Chen . 2* 
653 (1937) 
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iiEDU.—The effect of variations in the nature and quantities of the 
nutrient salts and other substances and in the amount of glucose on the 
results obtained with a given organism is well illustrated in the gluconic 
acid fermentation. A medium of one composition is used for maintaining 
the growth of the culture, a second medium for inducing spamlation, a 
third medium for stimulating germination, and a fourth medium for the 
production of gluconic acid. Inasmuch as the media used for the produc- 
tion of gluconic acid on a pilot-plant scale vary but slightly from those 
used for the preparation of the acid on a laboratory scale/ a summary of 
the former will be given (courtesy of the authors and editors). 


Table 129. — SuifUAnY or IVIeoia Used for Gluconic Acid Production by Atp«r- 


Ingredient 

A, 

culture 

Bponila- 

tion 

c, 

germina- 

tion 

A 

ferroeata- 

tion 

Grama per lifer.* 

Refined corn sugar* 

30 0 

50.0 

100 0 . 

Varies 

MgSOt THsO 

0 10 

0 12 

0 25 

0.1S6 

KHtPOt 

0 12 

0 144 : 

0 30 

0 188 

(NHtliHPO. 

None 

1 0 5C 

0 80 

' 0 3S8 

NH4NO, 

0 225 

None 

None 

Nflne 

Peptone . .. 

0 25 

0 20 

0 02 

Nose 

Potatoes . 

200 

None 

None 

None 

Agar 

20.0 

1 5 

None 

None 

CaCO. . . ... 

4 0 

None 

37 5' 

25 0‘ 

Beer, cc per liter 

None 

45 

40 

None 

Kind of water . 

Distilled 

Distilled 

Tap 

Tap 


lUASmoCK, E A . N PcBQta. P A. Wen*, and A J Alorsit, ina. ung. 

* Refined corn eugar, containing 5 pw cent of deawow and corfMpwidJng closely to d 
monoliydrate. was used in almost all the Tematcb 

* Separately sterilized. 

Technique of Preparing Inoculum. — As-pergillus niger, strain 07, is 
cultured for 7 days at 30°C on slants of medium A. These slant culture 
are used to inoculate at least twenty l-liter Erlenmeyer ^ 

containing 150 cc, of medium S, The flasks arc a 

' ughly broken up 

by means of a mechanical agitator. The contents oi me ^ 

/to two portions, and each ia placed » a Sot. 

charge in each drum occupying approximately rmmition' 

voSuL. The following conditions are maintained dunng 6ore.ma>'«" 

. Morea, A. j . P A. Wanes, J. J. Sernas, « T. and O. E- -''f-'r, ■ 

Eng. Chem.y 29J 77? (1937) 
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Air prcsssure. 

Air flow . . . 
Speed of rotation 
Temperature 
Time. . 


30 lb. per sq. in, gauec (155 ram. Hg). 
376 cc. per liter per min. 

6.8 r.p.m. 

30*C. 

24 lir. 


By permitting tlic spores to germinate in medium C, the fermentation 
period IS shortened and less inoculum is required for a given volume of 
fermentation medium 7). 


The Pilot-plant F ermenter.— The solutions containing the germinated 
spores arc transferred ascplically to a large-scale fermenter containing 
medium fl, Wcll.s, Lynch, Herrick, and iMay' have described this 



I i<j. Largoscalc fermentation apparatus (Ccurteg]/ 0/ Gailreel', Pi'rpes, tTeNs, and 
Mof/fr, Ind Eng Chem . 30; 7S2 (I03S) | 


fermenter. Tlic drum I'a 3 by 0 ft. and is constructed of aluminum sJieet, 
containing 99.5 per cent aluminum and less than 0 1 per cent of copper, 
iron, and manganese. End castings are made of an aluminum-silicon 
alloy. Tlie tank holds 420 gal., but ordinarily about 140 gal. of charge 
are added — larger charges increase the fermentation time. Buckets and 
bafJles are tvcldcd to the interior of the shell and function as in the small 
rotary fermenters. Facilities arc provided for sterilizing the drum and its 
contents. An aluminum pipe, which is attached to the dium’s interior 
surface and looped back and forth around the ends of the buckets an 
baffles, extends around ono-third of the periphery of the drum on tie 
portion opposite the hand hole By connecting one end of the tubing to a 
steam line and the other to a drain, steam may be supplied for sterilization 
purposes (Fig. 84). Itleans are available for filling and emptying 0 
' Wells. P A , D F J. Lv^cI^, H T Hehrick, and 0. E Ckerri & .tffi 
Eng, 44; 18S (1937) 
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drum. Sterile, humidified air is passed through the drum under pressure. 
For further details, the reader is referred to the papers cited in the 
foregoing paragraphs. 

Neutralization of Gluconic Acid. — High acidity Inhibits the fermenta- 
tion. Tlic rate at which glucose is converted to gluconic acid is more 
rapid in the presence of undissolvcd calcium carbonate than in the 
presence of free acid. It has been shown by Gastrock and bis associates 



Fio 85 — Corrclat 
niffer at 0 0 r p m 
782 (1938) ) 


10 12 H 16 ID " 

Age *n hours 


that the use of 20 g. of calcium carbonate per of 

medium satisfactoriiy controls the pH of the 1“ • equivalent to 
calcium carbonate dissolves readily ‘f the toc uvss of calcium 

,02.1 6. of gluconic acid per liter. a, e farmed 

carbonate retards the fermentation, since the ^ ^ ,vith the 

tends to ci,-stallise out and prevent free contact of the men 

mold. 


The greatest activity in the medium develops, the pH 

point at ivhich free acid develops. _U“‘ ' vapidly to a value rf 


point at ivhich free acid develops. ^ vapidly to a value c 

of the medium remains close to S.5, it appears about li hr 

3,5 or less. Free acid, with the ^ drop in pH, the activity 

after tlie start of the fermentation. Uu f-vorablo for the production 
becomes diminished. Thus a pH of . is at pH values o 

of the acid, since the maximum rate o 
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greater than 5. The foregoing figure correlates pH nith glucose 
utilization. 

Semicontinuous Production of Gluconic Acid. — A process has been 
developed by Forges and his associates* in which gluconic acid may be 
produced successfully on a semicontinuous basis and which possesses 
several advantages over the single-batch method previously used. 

The oxidations were earned out m laboratoiy- and semiplant-size 
fermenters, which have already been described, under the following 
conditions: an air pressure of 30 lb. per sq. in. (gauge), an air flow of 
375 cc per liter of medium per minute, a rotation speed of 9.5 r.p.m. and 
a temperature of SO^C 

As a result of research, a glucose concentration of approximately 
11.5 g per 100 cc. was found to be optimum, rather than one of 15 g. per 
100 cc. The use of lower glucose concentrations resulted in shorter 
fermentation periods, but in lowered efficiencies of production 

The initial charge of nutnent medium in a fermenter was inoculated 
with a pregerminated culture. The inoculum for each subsequent charge 
was secured by floating the mycclia from the previously completely 
fermented medium. A fermentation was judged to be complete when less 
than 1 per cent of glucose remained unconverted or when the rate of acid 
production ^\as negligible in comparison to that of active fermentation. 
Flotation was accomplished by reducing the pressure m the fermenter 
to that of the atmosphere for a penod of 35 min. During this intenml 
most of the mycelia rose to the upper portions of the medium Sub- 
sequently the lower 80 per cent of the charge was removed, and a new 
charge of medium vas introduced. The upper 20 per cent of the charge 
retained from the previous fermentation contained most of the active 
mycclia — more than 85 per cent 

Under the foregoing conditions, a fermentation (excluding the initial 
one) vas usualb' complete in a little more than 9 hr 

As many as 13 successive fermentations have been earned out, using 
this general procedure, with no apparent loss in efficiency, according to 
Poises and his associates. 

Later Porges, Clark, and Aronovskj' (1941) showed that the mycclia 
of A. niger 07 could be recovered by pressure filtration and re-used in nine 
successive fermentations of media containing IG g of glucose and about 
2.G g. of calcium carbonate per 100 ml. The pressure filter was con- 
structed of aluminum since this metal was nontoxic to A ntger and non- 
mhibitorj* to the fermentation. Previous studies had shown that the u«e 
of an iron filter was unsatisfactory because of the inhibitorj’ effect 

* Ponars, N , T. F Cuask, and E X. Gasntoex, Ind Eng Chem , 32: 107-111 
(1940) 
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excess of calcium carbonate, and boric ncH ti m 
iUuslratcd in Fig. 87. ' P'P’®- 

A-STAMARO FERMEOTATIOa. EXCESS C.CO3 t BCBic ACID 
B'MYCEUUM FROM A Excess’"^ ■ + ' 

O' ■ '■ % ; ; 1 • 


mmsg^ 






0 6 »6 24 0 8 le 24 0 8 J6 24 0 8 15 24 
HOURS 

Tta. 87.— Olucotlie acid production from cfucoso by repeated reuse of A. nifffr, 3 
mycelium. (Coi/rtetif «/ A. J, .t/oyer, B. J. Vwhtrgrr, and J. J, Stubbs, /nd Eno. C^fR> 
32:1379 (1010),! 


Industrial Production. — Tlie proJuctiorj of gluconic acid on an indus- 
trial basis from glucose solutions containing nutrient salts and calcium 
carbonate and using A. niger lias al.so been described by Williams (1945). 

Additional Factors Affecting the Final Yield. — Glucose, mannose, 
mannitc, and maltose may be used as sugars in the production of gluconic 
acid. Sucrose, lactose, and fructose arc not suitable sugars for the 
fermentation for obvious reasons. 

Toluol, potassium cyanide, and carbon monoxide inhibit the formation 
of gluconic acid when oxygen is available. 

Uses of Gluconic Acid. — Gluconic acid is used principally as a phar- 
maceutical. Calcium gluconate is preferrwi to calcium lactate as a means 
of supplying calcium to children and to pregnant mothers. The inject)^ 
of calcium gluconate into cows suffering n-ith milk fever has produced 
e.\'cellent cures. 
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CHAPTER XXVII 


THE FUMARIC ACID FERMENTATION 

Fumaric acid (HOOC*CH=CTI COOII), an unsaturated acid, is 
prcxiuced by several molds, principally species of the genus Rhizopii^ 
Other genera of the family Mucoraccac, namely, Circinella, Cunmng- 
hamella, and Mucor,^ also have the ability to produce fumaric acid from 
nutrient sugar solutions At least one species of Aspergillus and one of 
Penictllium have been credited with the production of this acid. 

Ehrlich* (1911) first reported on the formation of fumaric acid by 
molds 

There is much variation in acid production even in strains that appear 
to be identical morphologically For example, Foster and Woksman* 
have reported the case of acid production by races of a strain of Rhizopus 
nigricans The female race produced fumaric acid from a nutnent 
glucose solution, w hilc the male race failed to produce fumaric acid under 
the same and a variety of conditions Tliesc results were not charac- 
teristic of sexual pairs in general 

Ordinarily, molds produce only small quantities or traces of the acid, 
but at least one strain of R nigricans has the ability to convert 40 to 50 
per cent of the sugar consumed to fumaric acid. 

Other acids, for example, lactic acid, are frequently produced simul- 
taneously With fumaric acid (see Chap XXXI). 

Considerable information concerning the fumaric acid fermentation 
may be obtained through a study of the papers cited at the end of this 
chapter Birkmshaw^ (1937) and Lockwood and Moyer* (1938) have 
very bnefly reviewed some of the literature concerning the production of 
fumaric acid by molds Foster and Waksman have carried out extensive 
research concerning fumaric acid production by the genus Rhizopus, with 
special reference to the efTect of zinc on growth and acid production. 

In Table 130, some data concerned wnth molds that produce fumaric 
acid are summarized. 

> Foster, J W , and S A TVaksmaw, Jaur Am. Chem Soe , 61 : 127 (1939) 

* Ehrlich, F , Ber . 44 : 3737 (1911) 

* Foster, J IV , and S A Wakshav, Scicncf, 89: 37 (1039) 

* BiRKtNsiiAw, J II , Biol Rev , 12 : 357 (1937) 

* Lockwood, L B , and A J Moyer, Bot Reo , 4 : 140 (1938) 
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_Tm»le 130— Somb Molds Pnopuct.yo Tuvuric Acin‘ 


Molds 


Aspergillus fumancus 
A. fuviaTkus 

Circinclla sp 
Cunninghnmtlla sp 
Mcor sp 

M. slolomftr (R, nigricans) 

M. siolonijer (/^, m'prjran#). 

stotonijer {R. nigncnns) 
Pcnictllntm grtsfO‘fuloum DurcLx 
Rhizopus gaponteus 
R, nigricans 
R. nigrtcans 
R, nteeus. 

R. oryiae 

R. crytae 

R, picudochinrtists 
R. shanghatcnsia 
R Irilict 


IiivcstJgafors 


Wchmer'**'*” 

Foster and Waksman®’ 

Foster and \Vaksman'»' 

Foster and ^Vnksinan'*' 
Ehrlich<*'^» 

Butkcwitsch & Federoff'’-*** 
Gottsehalk*"' 

Itaistrick & Simonart^*'^ 
Takahnski, Snknguclii, and 
Wakaman''**’ 

Kane, Fjnlay & Amann^”*’ 
Takahashi and Sakaguchl”*’ 
Bard, Lockn'ood, Way, and Her* 
nck'‘»» 

lockwood, B'ard, 4 May”*^ 
Takahashi and A8ai”‘> 

Takahnski and Sakaguchi”*' 
Takahashi and Saknguchi"*' 


Year 
research 
i reporter} 

1918, 102S 
1930 
1930 
3939 
1939 

1911, 191') 
1929, 1930 
192(3 
1933 

1926, 1927 
1935 
1943 
1925 


1925 

1925 

1925 


' The fiffuMs anen la the parrnihme refer to tbo b>bUo$npiiy on p»ges (28 end 629, 


Waksman Process.— Waksman patented a process for producing 
fumaric acid from various carbohydrates and carbohydrate-containing 
materials, such as mono‘!accharidcs, molasses, and starch, by the use of 
selected fungi, particularly of the order ISIucoralcs. Although strains of 
species of Cunmnghamella, CircincUa, and Rhizopus may be employed, 
strains of R. nigricans arc preferred 

The mold may be grown and the acid produced in a single medium, 
but preferably the mold is grotvn in one stage in a special medium and 
under conditions designed to encourage growth, and the acid is produced 
m a second stage through the use of one or more replacement media under 
conditions that stimulate acid production. Growth and acid product)^ 
may take place by stationary surface culture methods or by submerg 
culture methods. 

Tile growth medium contains sources of carbohydrate, nitrogen, 
nutrient salts, and trace elements or catalytic agents. A 5 to 15 

concentration of carbohydrate may be employed. Ammoniums P 

salts of ammonia, and urea arc satisfactory nitrogen so'^rces bu 
nium sulphate is preferred. A concentration of 0 2 per cent ^ 

suitable, although the concentration of nitrogen may range rom 
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g. per liter of medium. Additional nutrient salts may be supplied as 0.05 
per cent of iMgS04-7H20 and 0.05 per cent of KjHPOi. 

Certain elements or salts are used by Waksman to stimulate mold 
groiv’th or furaaric acid production. Zinc, as ZnS04 7H2O, is added to 
the culture medium in concentrations of 1 to 10 mg. per liter of solution 
containing 50 to 150 g of carbohydrate to encourage rapid formation of 
the mycelium. In order that growth may be followed at once by the 
maximum production of fumaric acid, the effect of the zinc is balanced 
with a salt of iron, for example {Fe)j(S04)j, m a concentration of 1 to 20 
mg per liter. Zinc and iron are associative in their effects when the 
ratio of zinc to iron is about 1 to 2, also when the initial concentration of 
carbohydrate is 20 to 30 per cent. Traces of manganese and copper may 
be added to the culture medium to accentuate the effect of the zinc 

The medium is sterilized with heat and inoculated with spores, or a 
suspension of germinated spores, of a selected strain of 7?. mgneana. The 
seeded medium is incubated at 28 to 35®C. to encourage growth of the 
mold. The latter is allowed to grow as a pellicle on the surface of the 
culture medium, or it is grown submerged in the medium while being 
agitated by aeration or mechanically at atmospheric or increased air 
pressures. A Kattice-like support is recommended for surface culture of 
the mold, which requires 2 to 7 days Submerged cultures require 24 to 
CO hr for growth. The fumaric acid formed during the growth phase is 
neutralized with calcium carbonate or other alkali At the completion of 
this phase, the growth solution is removed from the mycelium by draining, 
siphoning, or centrifuging, and saved for furaaric acid rccovcrj-. 

During the second stage (replacement phase), a solution of carbo- 
hydrate (up to 20 per cent in concentration), not containing supple- 
mentary nitrogen or nutrient mineral salts, is added to the mold myce- 
lium. Sufficient calcium carbonate to neutralize the fumaric acid 
expected (up to appro.ximately 50 per cent of the carbohydrate) may be 
added or the acid may be neutralized periodically with KOII or XaOII to 
a pll of 5 to 0 6 Substances to stimulate fumaric acid formation 
(accelerators) arc added to the replacement medium. For example, O.I 
to 1 0 g each of (Fc)j(S04)j and of MgS04 7H*0 may be added to 1 Jilcr 
of bolutions containing up to 20 per cent of carbohydrate, or 0 3 to 1 g 
each of KjUPOi and MgSO* 711*0 may be added to solutions containing 
• about 200 g. of carbohydrate per liter Tlic solutions arc incubated at 
2S®C for 1 to 7 days 

Provision of a surface support for the mycelium in the ca'c of station- 
arj* surface-culture fermentation and of aeration, agitation, and air under 
pressure in the ca=e of BVibmcrgcd-culture fermentation accelerates the 
production of fumaric acid 
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The replacement of the carbohydrate solution may be repeated un({( 
the enzyme system of the mold is impaired. 

Kane-Finlay-Amann Process.-~A process for producing fumaric acid, 
or a salt of this acid, n-ith traces only of other acids has been patented by 
Kane, Finlay, and Amann (1943). The mold used i^ a stram of the 
genera Mneor, Aspergillus, or Rhizopus. A selected strain of R. nigricans 
IS particularly suitable. 

Fumaric acid js produced by submerged-culture methods in a medium 
containing a carbohj’drate, nutrient salts, and a neutralizing agent. 
Glucose, fructose, invert sugar, sucrose, maltose, molasses, syrups, 
starches, or other materials may serve as the carbohydrate source 
Nutrient salts may be supplied as potassium acid phosphate and ammo- 
nium sulphate. The medium may be mechanically agitated, aerated, or 
both, at atmospheric or elevated pressures. An w^'gen-containing gas 
may be substituted for air. One illustration of the process follows; 

A 30,25-lb. amount of hydrated glucose and small quantities of 
nutrient salts xverc diluted with water to make 50 gal. of solution. To 
this 20 lb. of calcium carbonate were added. The mixture was sterilized 
by boiling, cooled and seeded m'tfa 3 liters of a selected culture oiR. nigrt' 
cans. The fermentatjon medium was stirred at 40 r.p.m., while a stream 
of Sir was passed through it. Incubation xras at a temperature of 28 to 
32®C. The fermentation was stopped after 3 days and the liquor 
analyzed. A yield of 125 lb of fumaric acid was obtained. 
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THE GALLIC ACID FERMENTATION 


Gallic acid (lr}liydrov.vl)enzoic acid) has the following structural 
formula; 



It ocewra natvirally in gall mils, sumac, walnuts, tea, and other plants. 
It is prepared chemically by the hydrolysis of tannin. 

Scheolc discovered gallic acid when he "'as studying the effect o a 
mold on ft water infusion of gull nuts (178", or earlier). Gall nuts are 
ricli in tannin compounds and are produced principally on species e 
oak tree and tlic sumac, as tlic result of insect iniuries. 

Van Tieglicm (18G7) carried out classical studies in connee ion " n 
the gallic acid fermentation. (Tho interested reader f rf " ° “ 

early publications. To \'an Tieghem, credit is due for being the first rea 
to establish tlic importance of the aspergilli in the '^■0"' " 
work having been done at a time when vciy little was 
purc-eulturc mctliods.) Van Tieghem -de^ified 

predominating mold in the fermentation. The y Van 

of molds also pos.sesscd the ability to ferment tannin ^ ^ 

Tieghem showed that air was essential for mo d S™ * 

cessful production of gallic acid front mois ga " j jU by 

In one of the oldest methods used for the ^ heaps 
fermentation, the substances containing heap, which 

and moistened witli water. Molds temperature of oppmd- 

was stirred occasionally and maintain^ ' P ^ g,ji,e 

matcly 30°G. After a fermentation period of aD 
acid was leached from the heap. *„nnin extracts, which are 

Present-day methods m^c u® of a species of dsper- 

stcrilized and then inoculated with pure ,3 blo'™ 

giUus. The solution is agitated by „ catefully controW- 

through it. The tcraperatoni of the ferme o fenaentatien 

Analysis of the mash is made oeeasmnaily m order 
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may be stopped promptly after the tannin has been completely utilized. 

The conversion of tannin to gallic acid is actually brought about by 
means of the enzyme “tannase.” Fembach and Pottevin, each working 
independently, demonstrated that A. ntger produced tannase in the 
presence of tannin and nutrient materials. Using the mold-free enzyme, 
it was shown that the fermentation would proceed independently of the 
mold. 

Knudson discovered that he could cause a progressive increase in the 
tannase content of A niger by replacing the sugar in Czapek's solution 
with tannic acid. He obtained a maximum production of tannase vhen 
the 10 per cent of sugar in the solution had been replaced mth 2 per cent 
of tannic acid. 

Gallic acid has several important uses in industry It has been used 
m the manufacture of gallocyanin, a dye; it is used as a basic matenal in 
the production of alizarin broum Inks are made from it Condensa- 
tion with sulphuric acid yields hexahydroxyanthraquinone In com- 
bination, gallic acid finds use as a skin remedy. 
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THE ITACOKIC ACID AND ITATARTAHIC 
ACID FERMENTATIONS 


THE JTACONIC ACJ1> J^ERMBNTATION 

Itnconic or mcthyJcno succinic ncid, )jns the hlhwing stwctura) 
formuln: 

CII, 

I' rooii 
Ittl'-rooii 


It is an unsattjratcd <I}i)asic acid, which may he used for thepreparation of 
rosins and surfaco-acltve apriils (Mich as (Ictcrgcnls), or in the manufac* 
(uro of nynthciic organic chemical compounds. Its esters may be 
Iiolyinorixod. 

7’lic first reports on the production of itnconic acid by moid fermen- 
tation were mjuic hy Kmoduta,* who 8tntc<f that itnconic acid and man- 
nitol wore the principal prodiJct.s forroeiJ from sucrose by nn organism that 
fie dcsignatwl a« Asprr(/i//us tlacorn'eus Kinosliltn. Later (1D39) Cakm, 
Oxfonf, and Rnistn'ck* annotmccKi (hat a strain of A. Icrrcus Thom 
produced significant yields of Haconic acid from glucose. However, 
other strains of tlic same species faiicif to produce this ncid. 

Extensive research on laboratory and semi-pifot-piant scales has been 
carried out by the Fermcntalion Djvi.sion of tlie Northern Hegioaal 
Ucscarch Lafioratorj' of the t/.S. Department of Agriculture,*'* This 
division was intercsletl in developing n new industrial fermentation for the 
increased utiUration of agriciiltiirol crops. 

Organisms Employed. — Itnconic acid moy be produced by certain 

. . , , . ’ ’ • 

strains of . ' ■ 

that only ■ , . ' 


' Kinosihta, If, Jour. Chem. Soc. J’opan, 605 683 (1929): Ada tnyioLU^h,, 
(Japan). 5:271 (1931);and 9: 159(1937). «.uwn939) 

■ Lockwooo, E B., Olid M. D. Rcens, Arri. Brnkn , 

‘ Movot, a. J., and B. D. Coaiiiix, Art* Biecirm ,7:m 
• Lockwood, L B , and G. E. Ward, IrA Enf Chem, 37: Wo (1945). 
‘Locrrood, L. U , Rod C. E N. Eei^sos, Arch. Biochm., 10: S65 (1J4 >■ 

' Calam, Oxford, and Haistbick, ioc «i 
632 
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itaconic acid from o Czapek-Dox medium containing 5 per cent glucose 
and 0.2 per cent potassium nitrate. Moyer and Coghill* surveyed 30 
strains of this mold for itaconic acid production and obtained “promising 
yields” from one only. This strain, designated as A. terreus NRRL 265, 
produced 28 to 29 g of itaconic acid per 100 g, of glucose in 10 to 12 days 
under optimum conditions. Lockwood and Reeves* surv’cyed 308 strains 
of A. terreus, u'hioh had been isolated by Raper and Alexander, of the 
Northern Regional Research Laboratoxy, and found 11 that gave yields 
from glucose greater than 45 per cent of the theoretical. One of the best 
of these, A. terrens NRRL 1960, uas used in the researches of Locku'ood 
and Reeves,* Lockwood and Ward,* and Lockwood and Nelson.* 

Characteristics of ultraviolet-induced mutations of A ierreus have 
been described by Raper and coworkers* and by Lockwood and his 
associates • 

Stock Cultures.— These may be carried on slants containing Czapek- 
Dox solution agar 

Methods of Production.— Itaconic acid may be produced by surface- 
culture or submerged-culture methods 

Production by Surface-culture Methods. — Most of the methods 
reported in the literature are concerned with the production of itaconio 
acid by surtace-cullure methods, 

Sporulation Media . — The production of large crops of spores is 
necessary for the inoculation of flasks and pans. These are obtained 
by the use of special media under the condition.^ specified. 

Moyer and Coghill* used a liquid sporulation medium of the following 
composition. 


Lactose 

1 10 Og 

Com-stocp liquor 

5 Oral 

Glucose 1 

5 Og 

Fc tartrate 

0 005g 

KHjPO, 1 

1 0 OOOg 

CoSO< 5H,0 

0 004g 

MgSO, 7H.0 

t 0 050g 

MnSO* 4II,0 j 

0 005g 

KC) 1 

i 0 lOOg 

Agar 1 

0 lOOg 

NaCi 

1 5 00 g. 

Distilled water to 

1 0 liter 

KNO, 

1 3 OOg 




' Moyek, a S , and It D Coohiu, Arch Bwchem, 7: 167 (1045). 
’Lockwood, L B,and5I P Reeves, ^rcA Z/<ocAm , 6; 455 (1045) 
’Lockwood, L B, and G E tVAUD, Ind Ewf Chetn, 37: 405 (1045) 
’Lockwood, L. B , and G. E. N Nelson i4rcA , 10; 305 (1946) 

* Raper, K B , It D Cooiiill, and A Bou.ae.vder, Am Jour. Bat 32 (No 3)' 
165-176 (1945) 

‘lA)CKnooD,L B,K B RiPEB, A.J MorEB,8ndR.D Cogiull, Am Jour Bot 
32 (No 4) 214-217 (1945) 

’ Mover and CoomLL, loc al 
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The medium was dispensed in 200-mI, Erlenmeyer flasks in amounts of 
40 ml. each and steriJized. Good yields of spores u'ere obtained in 5 to 7 
days at 27®C. 

In anotiior type of sporulation medium described by Aloyer and 
CoghilV 25 g. of wheat bran were moistened with 20 ml. of the medium 
described above. The moistened wheat bran was placed in 750-mJ. 
Erlenmeyer flasks and sterilized. The cooled product was then inocu- 
lated with spores and incubated for 5 to 7 days, during which time a heavy 
crop of spores was produced. The bran ivas allowed to dry and 2 volumes 
of sterile whole wheat flour were added and thoroughly mixed by means of 
a sterile spatida. According to hloyer and Coghill, about 0.200 g. of this 
fiporc-containing mixture was adequate for seeding a 200-m}. Erlenmej’cr 
flask and about O.S g. was suflicient for a 3-Iitcr Fembach flask. 

Lockwood and Ward used a sporulation medium of the following 
composition in the scmi-pilot-plant scale production of itaconic acid. 


Glucose monohydcale (commercial) . . . 

. 275 g. 

KflNO, 

5g 

MfiSO, 7H,0 

0 02tg 

KCl 

0 005 g. 

niPO< 

0 003g 

Concentrated coni-stccp liquor 

0 5 ml. 

Distilled uatcr to 

1,000 ml 


The medium was dispensed in 200-m]. Erlenmeyer flasks in 50-mh 
portions and sterilized. The spores from a 10-day-oId slant culture were 
then used to seed each flask heavily. T2je flasks were incubated at 30 C. 
for 5 days, which was ample time for the production of an abundance o 
spores Lockwood and Wawl stated that the culture in one flask was 
sufficient to inoculate 100 liters of fermentation medium. 

Factors Affecting Production.— Basic research concerning the factors 
affecting the production of itaconic acid by surface-culture ^ 

been carried out by Lockwood and Reeves, and by Moyer and og i , o 

the U.S. Department of Agriculture, and by others. Some of the todmg 

of the U.S. Department of Agriculture group will now be ^ 

CAUROin DRATE SOURCE. — Concentrations of glucose ranging ^ 
to 25 per cent appeared to produce the highest yields of itaconic 
laboratory scale their invcaligationa, Moyer aad Coehdl jd ehter 
75 ml of medium containing 20 per cent glucose or m . 
containing 25 per cent glucose m each The recovery of 

The presence of unfermented ^ucose interfere 
the itaconic acid. 

> Moveb and Coami-i., toe etU 
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NITROGEN SOURCES. — Nitrogen was supplied to the medium through 
the use of n nitrogen-containing salt, nitric acid, and com steep liquor. 

Moyer and Cogliill found that ammonium nitrate was the best source 
of nitrogen for itaconic acid production by A terrcus NRRL 205. Ammo- 
nium chloride was not as good as ammonium nitrate but ^^as markedly 
superior to diammonium hj’drogcn phosphate, sodium nitrate, potassium 
nitrate, and urea. .^Vmmonium sulphate also was inferior to ammonium 
nitrate Potassium nitrate and sodium nitrate proiluced the heaviest 
mold growth, but poor yields of itaconic acid. 

Nitric acid, uhich was used to adjust the reaction of the medium to a 
favorable range, also contributed nitrogen 

Corn-stcep liquor was used as a source of soluble protein derivatives, 
trace elements and other minerals, ns well gro%x th-promoting substances 
which enhanced the fermentation According to Pouden and Peterson,* 
samples of corn-stcep liquor usually contain -10 to CO per cent of solids 
On a drj’ basis, they contain 12 to 27 per cent of lactic acid, 7.4 to 7 8 per 
cent of total nitrogen, 2.0 to 3.3 per cent of ammo nitrogen, 1.6 to 14 per 
cent of reducing sugars (calculated as glucose), and 18 to 20 per cent of 
n«h. 

In a concentration of 0 2 per cent, corn-steep liquor decreased the time 
required for the germination of the mold spores and also increased the rate 
of growth of the mycelium during the first part of the fermentation. 

The optimum concentration of the concentrated corn-stcep liquor 
appeared to be 0 4 per cent bj' volume (4 m! per liter). Larger concen- 
trations favored heavier growth of mycelb but lower yields of itaconic 
acid 

MAGNESIUM SULPHATE — Thc clTcct of this Salt OH the production of 
itaconic acid was so striking that it will be given detailed consideration 
here A higher concentration of magnesium sulphate was used in the 
production of itaconic acid than is employed in the usual mold fermen- 
tation The optimum amount found for the A terreus NRRL 19G0 
fermentation appeared to be 4 4 to 5 g of MgS0<-7H20 per liter of 
medium.* The magnesium sulphate sen-ed not only as the usual required 
nutrient but also as a stimulant for the production of itaconic acid and 
for increasing the acid tolerance of the mold For example, growth 
and fermentation occurred at a pH of 1 4 W'hen thc concentration of 
MgSOi-?!!?© w’as 4 75 g per liter of medium but no growth occurred at 
this pH W’hen the concentration of MgSO« 7HjO ivas 0 25 g per liter 
Magnesium sulphate also tended to counteract the toxicity due to 
aluminum ions (see following page). 

‘ Bowden, J P , and W H Peterson, Arch Biochem , 9 ; 387 (1946). 

* Lockwood and Reeves, he cit 
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BOLE OF OTJIEH 6.ilTs.— Iron, as feme tartrate, increased the acid 
accumulation by A. temus KRRL 19G0, when present in a concentration 
of 5 mg. per liter, particularly at a pH of 2.0. Iron, or zinc, or both iron 
and zinc, resulted in marked increases of itaconic acid accumulation at a 
pH of 2.0, but there was no advantage to be gained from adding both. 
^VHien a pH of 3.0 was employed, the addition of I mg. or more of zinc per 
liter and even of 10 mg. or more per liter resulted in a marked increase in 
growth but no accumulation of itaconic acid. With an initial pH of 1.7, 
itaconic acid accumulated faster with a high iron concentration than vith 
a high zinc concentration. In the media advocated by Lockwood and 
Reeves and Lockwood and Ward* for A. lerreus HRRL 1960, zinc 
sulphate was used in a concentration of 0.0044 g. per liter, but no iron was 
cmploj’cd. 

Metallic nJuminum and aluminum sulphate ncre to-tic to a number of 
strains of /I. irrreus. Strips of aluminum, uhen placed in media, pre- 
^'cnted the growth of sex-eral strains of this organism. Aluminum sul* 
phnte in a concentration equivalent to 10 mg. per liter of aluminum ions 
prox’cnfed the growth of the mold at a pH of 2.0; and in a concentration 
equivalent to 20 mg per liter of aluminum ions it permitted only a slight 
amount of growtli at a pH of 3.0. Magnesium sulphate in the optimum 
concentration found (4.4 to 5.0 g. per liter) counteracted the apparent 


toxicity due to the aluminum ions. 

The use of an c.xcoss of potassium chloride, or of potassium, sodium, 
chloride, or sulphate ions, resulted in loxx'cr yields of itaconic acid. The 
potassium and sodium ions tended to raise the pH, while the chloride and 
sulpliate ions were inclined to lower the pH xvhen present in sufficien 


concentration v> • 

Sodium chloride was sometimes used instead of potassium chiori e m 
the medium for producing itaconic acid. The usual concentration o 
was 0 050 g. per liter, while that of NaCI xx'as 0 4 g. per liter 

Manganese, molybdenum, copper, cobalt, nickel, chroramm, ga m . 
and borate ions, each in concentrations of 1, 10, 20, 50, or , 

desired ions per liter, failed to produce increased yields o i aconie e 

mycelium at initial pH values of 2.0, 2.5, and 3 0. . 

pH.^In order to obtain a good yield of itacomc amd, it is ° 

adjust the pH to a low initial value and to maintain it wi ® ‘ . 

narrow range during the fermentation. The optimum mi 

itaconic acid accumulation lies xvithin the pH Tange o . ’ li^fnlow 

pH J.8 production of mredram is seriously '''‘if emouu* 

yields of Itaconic acid. As the pH is increased to ' ' f 

of grotvth increases to a tna-timum (as measured by the aeght 


‘ Lockwoop and Wabd, loc. eil. 
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mycelium) ; however, this is not true of acid accumulation for this appears 
to be at a peak at a pH of 2.1 to 2.2. Thus the optimum pH for acid 
production is lower than that required for producing optimum mycelial 
growth. 

It is to be repeated that the addition of 4 75 g. of MgS 04 - 7 Hj 0 to each 
liter of medium increased the tolerance of the mold to acid, as was 
indicated by the fact that it would grow and produce itaconic acid at an 
initial pH of 1 4 when this amount of the salt was present. 

Itaconic acid was metabolized by A. terreus NRRL 1900, particularly 
when the pH was above 2.3. Thus the need for maintaining the lowest 
pH value consistent with adequate growth and maximum acid accumu- 
lation is evident. 

Nitric acid is preferred for adjusting the pH of the medium since it 
enhances itaconic acid production As noted above, it also supplies 
nitrogen to the mold. The medium used for the semi-pilot-plant scale 
production of itaconic acid contains l.CO ml of nitric acid (of specific 
gravity, 1.42) per liter of nutrients. 

TEMPERATURE. — The Optimum temperature for the production of 
itaconic acid by the strains studied appears to be 30®C. 

DURATION OF FERMENTATION — A pcriod of 10 to 12 days IS usually 
required for the completion of fermentation by surface-culture methods. 


Tabls 131 — Composition of Media Used for Itscomc Acid Production 


Ingredient 

Medium of 

Lockwood and Heeves' 

1 amount per liter 

Medium of 

Moyer and Coghill,* 
amount per liter 

Glucose 

250 Og 

250 0 g 

MgSO* 7H,0 

4 5g 

0 25g 

NH4NO, 

2 5g 

2 Og 

KCI 


0 050 g 

NaCl 

0 4g 


ZnSO« 7HjO 

1 0 0(M4 g 

0 014 g 

HNO, (N/2) 


50 ml. 

UNO, (sp gr 1.42) . 

1 1 CO ml 


Corn steep liquor 

1 4 0 ml 

4 0 ml 

Dist. water to 

1,000 0 ml 

1,000 0 ml 


I Arc* a.otAfm., « (No 3) <55 (1945> 
•Arc* B.ocA«m,T(No 1) 1«7 (1045) 


Composition of Production Media . — ^The composition of media found 
to be about optimum for itaconic acid production m the laboratory is 
given in Table 131 
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production on a Semi-pilot-plant Scale. — A process for producing 
itaconic acid on a semi-pilot*plant scale was described by Lockwood and 
Ward.^ The mold used was A. terreus NRRL 1900, Spores for the 
inoculation of tlie fermentation medium were produced on the sponila- 
tion medium described on p. 634. The fermentation medium employed 
by them had the following constituents: 


Glucose monoliydrato (commercial) 

165 g 

MgSOt7IIjO .. ... 

4,4g 

NILNO, 

2.5g 

NaCl 

. . . 0.4g 

ZnS0a7II,0 

. . . 0.0044 g. 

Nitric acul (sp gr. I *12) 

l.COml 

Concentrated corn steep liquor 

4 . 0 ml 

Distilled water to. 

1,000 ml 


The medium was sterilized and seeded with mold spores after cooling 
Twelve-liter portions of the inoculated medium were introduced 
ascptically into each of a senes of sterilized shallow aluminum pans 
(22 X 30 X 2 in.) contained in a special incubator cabinet.^ 

During tlic fermentation, the temperature was maintained at 30 to 
32®C by means of a thermostat that regulated the flow of water through 
the coils contained in the cabinet. Sterile humidified air was passed 


Taoce 132 — Proouctiov of Itaco.vic Acip from Glucose’ 



A. Typical 
pan 

fermentation? 

B Duplicate pan fermenta- 
tions at initial glucose con- 
centrationsof; 

Tan I 

Pan 2 

10 per 
cent 

15 per 
cent 

20 per 
cent 

25per 

cent 

Initial glucose, grama (calcd to onby- 
drous basis) 

Glucose consumed, grams 

Itflcoiiic acid produced, grams 

Yield of itacomc acid based on glucose 
consumed,* per cent 

Itaconic acid recovered by crystalliza- 
tion, grams 

Recovery efficiency, per cent 

Recovery weight yield,* per cent 
Mycelial weight, grams 

1800 

1583 

5C9 

49 9 

1 

i 453 
; 79.7 
25 2 
222 

1800 

1539 

602 

54 3 

490 
; 81 4 
27 2 
144 

1200 
1128 
: 242 ; 

29 8 

192 
79 4 
16 0 
223 

1800 , 
1505 
5C1 

49 7 

436 
77 8 
24.2 
233 

2400 
1617 
577 , 

49 5 

457 
79 2 
19.0 
245 

3000 

1810 

563 

43 5 

' 429 

75 2 
14.3 
277 


« Lockwood, L B . and O E Eno 

« Based on assumption that 1 supplied (anhydrous b*»'V 

» Ratio of jcrams itsconic acid rec<»wed togf» ^ 


‘ Lockwood and Ward, loc < cit . 
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through the cabinet at the rate of 6 liters per min. to aerate the molds. 
The fermentation A\as generally completed in 12 days. 

Table 132 shows tlie effects on typical semi-pilot-plant scale yields 
when the initial glucose concentrations were varied. 

Production in Submerged Culture. — In research carried out on a 
laboratory scale, Lockwood and Nelson* determined the optimum condi- 
tions for the accumulation of itacomc acid in submerged cultures: i.e., the 
proper quantity of inoculum, pH, and concentrations of magnesium 
sulphate, sodium chloride, zinc sulphate, com steep liquor, and glucose. 

Organism Used — The mold used was A terreus NRRL 1960 



Preparation of Inoculum — Pellets were used as the inocula of the 
fermentation medium These were prepared by inoculating a sterile 
medium (containing 50 g. of glucose, 2.5 g of NILNOj, O.G g ofKIIjPO<, 
0.25 g of MgSOi'THjO, and 4 ml. of corn steep liquor per liter of solution) 
with dry spores from either an agar-slant or unagitated liquid culture of 
A. terreus, and then agitating it on a platform shaker for 48 hr ^^ith 
incubation at 30*C The optimum quantity of inoculum for 125 ml. of 
medium m a 300-nil. Pyrex Erlenmeyer flask was 1 to 2 pellets of about 
2-mm diameter each 

Optimum Conditions for Production — Lockwood and Nelson* found 
the following conditions to be optimum for submerged-culture production 
of itacomc acid at 30®C. 

pH. — T he optimum pH lay between 1 8 and 1 9 Rigid control of the 
pH was essential for highest yields of itacomc acid Figure 88 shows that 
‘Lockwood and Nelsov, loc ett 
*Jbid 
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W«rd . Tho mo,d ™dt-l 

inoculation of tlio fermentntlnn m^; Spores for the 

tion medium described on n 634 produced on the sporula- 

by them had the foil:: “ t!!ttfuemsi 


Glucose monohydtalc (commcrcwl) 

MgSO. 7H,0 

NH.NO, 

N»C1 

Zn SO, -711,0 

Nitric acki (sp gr. 1 42). 
Conccntratctl com steep liquor 
Distilled water to. 


165 g 
• 4 4g. 

- 2 5g. 
0.4 g. 

0. 0044 g. 

1. eOial, 

4.0 ml, 

1.000 m! 


The medium ms stetiliml and seeded ivilh mold spores after cooling, 
f ue vo-liter portions of the inoculated medium were introduced 
storilirtid sballoiv aluminum pans 

ODs,?:!'''® the temperature was maintained at 30 to 

dd L. by means of a tbormoslat that regulated the flow of water through 
1 C coils contained in the cabinet. Storilo humidified air tras passed 


Table 132. — PnopucTioK or Itaconic Acid fbou Clccose' 



1 A. Typical 
1 

j fermentation 

B Duplicate pan fermenta' 
tions at initial glucose eon- 
s centrations ofi 


Panl 

Pan 2 

10 pel 
cent 

'jlSpcJ 

cent 

' 20pej 
cent 

7125 per 
j cent 

Initial glucose, grants Icalcd. to anhy- 
drous basis) 

1 1800 

1800 

1200 

ISOO 

2400 

3000 

Glucose consumed, grams 

1 1583 

1539 

1128 

1565 

1617 

1810 

Itacome acid produced, grams . 

m 

602 

242 

561 

S77^ 

1 568 

"iield of itacomc acid based on glucose 
consumed,* per cent 

40.9 

54 3 

29 8 

49 7 

49.5 j 

43 5 

Itaconic acid recovered by crystalliza- 
tion, grams 

4S3 

490 

192 

430 

457 j 

429 

Recovery efficiency, per cent 

79 7 

81 4 ] 

79 4 

77 8 

79 2 

75 2 

Recovery weight yield,* per cent 

25 2 

27 2 

16 0 

24.2 1 

19.0 [ 

14.3 

Mycelial weight, grams 

222 

144 

223 

233 

245 

277 









‘ LocKWoot., L B., and G E U'abp, Ind Bne Ckevt„ Sr. 405 (1943) 

» BAsed on assumption that 1 mole of glucose shouMitield 1 *nol« of itacomc acid. 

• Ratio of grama itaconic acid recoi ered to grama ^ucoae aupphed (anhydrous basis) 


' LocRn ooD sn<j IVard, loc. cil. 
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through the cabinet at the rate of 5 liters per min. to aerate the molds. 
The fermentation was generally' completed in 12 days. 

Table 132 shows the effects on typical scmi-pilot-plant scale yields 
when the initial glucose concentrations were varied. 

Production in Submerged Culture. — ^In research carried out on a 
laboratory scale, Lockwood and Nelson* determined the optimum condi- 
tions for the accumulation of itoconicocid in submerged cultures; t e , the 
proper quantity of inoculum, pH, and concentrations of magnesium 
sulphate, sodium chloride, xinc sulphate, com steep liquor, and glucose. 

Organism Used . — The mold used was A. terreus NRRL 19G0. 



pH 

Fto 88— Th« efTect of pll on the growth and acid production of A terreut NRRL 19Q0 
lCourti$yofL B Lockaood and G E N NA$on, Arch fiiocArm . 10 (No 3) 365 (1946)1 


Preparation of Inoculum —Pellets tverc used as the inocula of the 
fermentation medium. These were prepared by inoculating a sterile 
medium (containing 50 g of glucose, 2 5 g. of NILNOs, 0.6 g. of KHiPOr, 
0 25g of RIgSOfTHjO, and 4 ml of corn steep liquor per liter of solution) 
tvith dry spores from either an agar-slant or unagitated liquid culture of 
A. lerreus, and then agitating it on a platform shaker for 48 hr. with 
incubation at SO^C. The optimum quantity of inoculum for 125 ml of 
medium in a 300-ml. Pyrex Erlenmeyer flask was 1 to 2 pellets of about 
2-mm diameter each. 

Optimum Conditions for Produclion. — Lockw’ood and Nelson* found 
the following conditions to be optimum for submerged-culture production 
of itaconic acid at SO^C 

pH. — T he optimum pH lay between 1 8 and 1 9. Rigid control of the 
pH was essential for highest yields of itacomc acid Figure 88 shows that 
'Lockwood and Nei^on, loc ett 
* Ibid 
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Production on a Semi-pilot-plant Scale.— A process for producing 
itaeonic acid on a semi-pilot-plant scale was described by Lockwood and 
Ward.‘ The mold used was A. lerreus NKRL 1960. Spores for the 
inoculation of the fermentation medium were produced on the sporula- 
t'lon medium described on p. 634. The fermentation medium employed 
by them had the following constituents: 


Glucose monohydralo (commercial) 

MgSO* 7HjO 

NH^NO, 

NaCI 

2nSO*71IiO 

Nitrjc acid (ap gr. 1 42). 
Concentrated corn steep liquor 
Distilled water to. 


.. 165g 
. 4 <1 g. 

. 2.5 g. 
0.4 g 

.. 0.0014 g. 
. J.eOmJ 
4 . 0 ml. 

. 1,000 ml 


The medium was sterilized and seeded with mold spores after coolmg. 
Twelve-liter portions of the inoculated medium were introduced 
ascptically into each of a series of sterilized shallow aluminum pans 
(22 X 36 X 2 in.) contained in a special incubator cabinet 

During the fermentation, the temperature was maintained at 30 to 
32®C, by means of a thermostat that regulated the flow of water through 
the coils contained in the cabinet. Sterile humidified air uos passed 


Table 132.— Puoouction or Itacontc Acid moM Glvcoss^ 



A. Typic-eJ 
pan 

fermcnlation' 

)r Duplicate pan it 
j tions at initial gJucc 
;! centrations oJ 

jmenta- 

ise con- 

Tan 1 

Pan 2 

lOpor 

cent 

15 per 
cent 

20pM 

cent 

25pw 

cent 

Initial glucose, grams (calcd to anhy- 
drous basis ) 

Glucose consumed, grams 

Itacotuc acid produced, grams 

Vield of itaconic acid based on glucose 
consumed,* per cent 

Itaconic acid recovered by crysfallira- 
tion, grams 

Recovery efficiency, per cent 

Recovery weight yield,* pec cent 

Mycelial weight, grams 

1800 
1583 
569 ; 

49 9 

453 
79.7 
25 2 
222 

1800 

1539 

602 

54 3 

490 
81 4 
27 2 
144 

1200 

1128 

242 

29 8 

192 
79 4 
16 0 
223 

1800 

1565 

661 

49 7 

436 
77 S 
24 2 
233 

3400 

1617 

577 

; 49.5 

457 
79 2 
19 0 
245 

3000 

1810 

56S 

43 5 

429 

75 2 
14.3 

2T7 


JLocittooc.L B.flodO E Waw. M E«9 ,,....4 

iBwed on aa^unipt.on that 1 mole of yield 1 

* Ratio of grams itacomc acid recovered W grams glucose supplied ° 


' Lockw ood and Ward, loc. ctl. 
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tinuous agitation. The liquor from 1 pan (about 12 liters) is concen- 
trated to approximately 1 liter. Crystals of itaconic acid form during the 
concentration process. The slurry is cooled to room temperature, after 
which the crj’stals are separated by centrifuging and washed with cold 
water. Further concentration of the fermentation liquor may result in a 
second crop of itaconic acid crystals. Ninety per cent recovery may 
usually be obtained by repeated crystallizations. 

Determination of the Acid in Fermentation Liquors. — In the determin- 
ation of the itaconic acid content of a fermentation liquor, an estimate 
may be obtained by titrating an aliquot sample with a standard alkali 
solution, using phenolphthalein a.s the indicator. In order that the 
resulting figure might be considered absolutely veracious, it would have to 
be assumed that itaconic acid was the only' acid produced by the mold, 
That this is not necessarily the case has been shown by Calam, Oxford, 
and Rais>lrick,* who reported that several strains of A. icrnii$ form 
fumaric, oxalic, and succinic acids Hence, unless the amounts of these 
acids produced by the mold arc known, titration gives an estimate 
only. 

Friedkin* has developed a method (a modification of the Koppeschaar 
method*), for the direct determination of itaconic acid in fermentation 
liquors. This involves the measurement of bromine absorption by 
itaconic acid in acid-buftered bromine water and depends on the fact that 
aqueous bromine at a pH of 1.2 reacts equimolecularly with itaconic acid 
but does not react with glucose The method is as follows: 

One oc two mdUUters (usually 2 ml.) of a uniform sample of the 
fermentation liquor are introduced into a I25-mI. iodine flask by means 
of a pipette To the sample arc added ml. of acid-buflered bromine 
water (at pH 1 2) The stopper of the iodine flask is then sealed with 
water to prevent the loss of bromine vapor. The flask is allowed to 
stand at room temperature for 10 min. and is then placed in an ice bath. 
After cooling for 5 min , 5 ml. of strong potassium iodide solution (made 
by dissolving 50 g of potassium iodide in 100 ml. of distilled vater) are 
placed m the well surrounding the stopper of t!;e iodine flask. The stop- 
per is carefully lifted, and the potassium iodide solution is sucked into 
the flask as a result of the partial vacuum created by cooling the flask plus 
its contents. 

iHter allowing 10 min. for the reaction, the iodine released from the 
potassium iodide is titrated with 0 1 N sodium thiosulphate, udng st.an-h 
as the indicator. 

' Cauam, (Kronn, nnd Uaistbick, Ioc eiL 

* Frieukin, M , /nrf Eng Chtm , Anal E«f , 17; 037 (1915) 

'Koppeschaar, W F , Znt anal CA«i»t , W; 233 (1870) 
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cUccl ol pU on mycelial weight and itnconic acid production by both 
submerged- and surface-culture methotk Usually 50 ml. of 0.5 iV nitric 
acid were adticti per liter of mctlium. 

Cou.v-STKiU' i.iQuou co\Ti:\T. — file optimum concentration was 
approximate!}’ 1.5 mf. per liter. I4arger concentrations favored the 
development of heavier mycelium and less total itaconic acid. 

s.\i.T co.vcn.VTiiATio.v.s. — ^llic optimum concentration of magnesium 
sulplmto was about 0.75 g. per liter. Tlic use of sodium chloride resulted 
in greater groAVtb of mycelium and marked diminution in the 3 'icM of 
itaconic acid. Zinc Rulphntc did not increase the yields of acid when used 
ns a Constituent of the medium. Ammonium nitrate was used in a con* 


conlralion of 2.5 g. per liter; and ferric tartrate (green) was generally u«cd 
in a concentration of 0 15 g. (30 mg. of ferric ions) per liter, 

or.urohK co.vcKN'TKATiov. — The optimum concentration, based on 
utilization and itaconic acid yiehl, wusaliout fiOg. per liter, ^^'hen larger 
concentrations were used, there were greater residual (or unused) amounts 
of glucose. 

A patent im,s been issued to Kane, Finlay, and Amnnn* relating to the 
production of itaconic acid and its salts by selected fungus strains in sub- 
merged aerobic growth by a mclhotl stato<l to be \isable. Itaconic 
acid-producing strains of Aipcrffillus ierrens or of other molds, particu- 
larly of the gonvis Aspergillus, may be used. 

An example of tlio process follow.s:* A 2-litcr mash of diluted molasses, 
containing 190 g. of a mi.vturc of sucro^ and invert sugar, or of sucrose, 
30 g. of sodium nitrate, and 1.0 g. of sodium alginate, ^Yas inoculated wit 
2.5 ml. of a su.spcnsion of the spores of a strain of A. lerrcus and 
at 34 to 3S‘’C. The mash was agitated vigorously by a “high-speed, 
propeller-type stirrer” wliich proiddcd aeration. The fermentation was 
stoppetl after 7 day.s and 18 g. of itaconic acid were found. 

In anotlier ease, a 2-litcr mash containing 105 g. of sucropc. - S 
of Ca(NO,}j 411:0, 1 g. of sodium alginate, and suitable sources o 
phosphorus, potash, and trace elements, was inoculated with - 5 m . o 
mold spore suspension and incubated at 34 to 3S C. T e ^ 

agitated and aerated. At the end of 2 weeks, the liquor contain 


itaconic acid. , . , rn ,.^rrnm 

Recovery of the Acid. — The spent solutions are draine ‘ ® 

the pans or other containers into a suitable vessel for concen ra m 
mycella and pans are washed with small amounts o co ® 
w'ashings thus obtained are combined with the mam . „ p^jn- 
liquor is concentrated on a steam bath, or by ot er ’ g° . jg 
. J. II„ a. C. Fik^av, »nd P. F. A«ank, U.S P»t»t 2,3S5,.S3, P 


m-15 
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procedure followed in isolating and identifying the products may be 
obtained by reference to the original report.' 

References on Itaconic Acid 
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A blank containing 50 ml. of bromine water is treated in the same 
manner as tljc sample of lermeatattoa liquor. 

The number of milliliters of 0.1 N sodium thiosulphate required to 
react with the iodine released from the potassium iodide by the 50-nil. 
blank of bromine water (X) minus the number of ml. of 0.1 N sodium 
thiosulphate required to react rvith the iodine released by the bromine 
that did not react w'ith itaconic acid (T) is equal to the number of milli- 
liters of 0.1 N itaconic add- Therefore, {X - r)0.1 = the number of 
milliequivalents of itaconic acid and (X - 7)0.0005 = the weight in 
grams of the itaconic acid in the sample analysed. 

The reagent (bromine water) used in the analysis contains the follow- 
ing constituents: 


Bromine . 
Pot.issjum bromide. 
Potassium chloride 
1 0 N HCl 
Water (distilled) to 


1.0 ml. 
3 Og. 

1 87 g 
4S 5 tnl 
500 ml. 


The bromine and potassium bromide are dissolved in a small portion 
of distilled water and the other ingredients are then added. The result' 
ant pH is 1.2 ± 0 1 and hence no further adjustment is necessary. The 
reagent should bo stored in a dark bottle, preferably in a refrigerator. 

According to Friedkin, the following substances, which may be found 
in fermentation liquors, do not interfere with the analysis within experi- 
mental accuracy 15 per cent glucose, 1 N rf-gluconolactone, 1 N acetic 
acid, 1 N aconitic acid, 1 N citric acid, saturated fumaric acid, I N lactic 
acid, 1 N malic acid, I N oxalic acid, I N succinic acid, and 1 N tartanc 
acid. 


THE ITATARTARJC ACJD FERMENTATION 
In 1945, Stodok, Friedkin, Moyer, and Coghill, of the Norlhem 
Regional Research Laboratory, reported on the production of ^ 
acid by an ultraviolet-induced mutant of Aspergillus terreus. ® ^ , 
was grown in a medium that contained 220 g. of glucose, • 

MgSO* 7HjO, 0.05 g. of KCI, 0.418 g of H,PO„ 0.022 S- of 
4.0 ml. of 0.50 N HCl, 8 0 ml. of 0.50 N HNOs, 4 g. of NHiNOs, l. 6- 
com steep liquor, and distilled water to make 1 liter. e m « 
dispensed in 750-inI. amounts in S-Hter flasks and 10 days 

terreus NRRL 205 S14. The flasks were incubated at Si) u mr 
From 3.75 liters of the culture liquor, after the remova o 
mats, was obtained 134.0 g. of ciysfafline itacomc am . 
itatartaric acid and its lactone accounted for 5.8 per cen 
weight of acid accumulated duting the fermentation e 
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procedure followed in isolating and identifying the products may be 
obtained by reference to the oH^nal report.* 
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' ST 01101 .A, r If , M rRirnKiN, A. J. Mover, and It I) CoinitLO, Jour Rtol 
Chem , 161 (Xo 2): 739-742 (1915) 
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A blank containing 50 ml. of bromine water is treated in the same 
manner as the sample of fermentation liquor. 

The number of milliliters of 0,1 N sodium thiosulphate required to 
react with the iodine released from the potassium iodide by the 50-ml. 
blank of bromine water (X) minus the number of ml. of 0.1 N sodium 
thiosulphate required to react with the iodine released by the bromine 
that did not react with itaconic acid (F) is equal to the number of milli- 
liters of 0.1 N itaconic acid. Therefore, (X - F)0,1 c the number of 
milliequivalents of itaconic acid and (A' ~ F)0.006S = the weight in 
grams of the itaconic acid in the sample analyzed. 

The reagent (bromine water) used in the analysis contains the foJJoir- 


ing constituents; 


Bromine 

I.Omt. 

Potassium bromide. 

3 Og. 

Potassium chloride 

1 87g 

l.ONIICl 

... . . . 48 5 ml. 

U'ater fdistiiledj to 

500 ml 


The bromine and potassium bromide are dissolved in a small portion 
of distilled water and the other ingredients are then added. The result- 
ant pH is 1.2 ±0.1 and henoe no further adjustment is necessary. The 
reagent should be stored in a dark bottle, preferably in a refrigerator. 

According to Friedkfn, the fof/owing substances, which may be found 
in fermentation liquors, do not interfere with the analysis wthin experi- 
mental accuracy: 15 per cent glucose, 1 N rf-gluconolactone, I N acetic 
acid, 1 N aconitic acid, 1 N citric acid, saturated fumaric acid, 1 ^ lachc 
acid, 1 N malic acid, 1 N oxalic acid, i N succinic acid, and 1 N tarfano 
acid. 


THE ITATARTARIC ACIP FERMENTATION 
In 194S, Stodola, Friedkin, Moyer, and Coghiil, of the Norlhem 
Regional Research Laboratory, reported on the production of 
acid by an ultraviolet-induced mutant of A5peT<;dlu8 terreus. ojo 
was crown in a medium that contained 220 g- of glucose, . g- 
MgSO. 7H,0, 0.05 g, of KCI, 0.418 g. of H,PO., 0.023 g 1 

4.0 ml. of 0,50 N HCI, 8.0 ml. of O.SO N HNO., 4 g. of i.u 

com steep liquor, and distilled water to make 1 liter. The me lum 
dispensed in 750-ml. amounts in 3~Htcr flasks and inocua 
lerreus NRRL 265.S14. The flasks were incubated at 30 U lor lu 
From 3.75 liters of the culture liquor, after the xemova o of 

mats, was obtained 134.9 g. of crystalline itaconic acid. ^ 
itatartaric acid and its lactone accounted for 5.8 pet cen o 
weight of acid accumulated during the fermentation. o 



THE KOJIC ACID FERMENTATION G45 

ability to produce kojic acid from sucrose. Among the molds mentioned 
were A. oryzae; A.Jlavus, var.; A. gymnosardae; A. awamori; A. candidus, 
A. clavatus; A. fumigatus; and A. giganteus. 

In 1929, Challenger, Klein, and Walker^ published the results of 
research which showed that kojic acid could be produced from xylose b}- 
A. oryzae. During the same year Katagiri and Kitahara* reported on 
the formation of kojic acid from pentoses, gluconic acid, and other 
substances 

Since 1929, several papers have been published concerning various 
aspects of the kojic acid fermentation Titles to some of the more sig- 
nificant papers will be found in the reference list at the end of the chapter. 

Microorganisms Producing Kojic Acid. — Several molds of the genus 
Aspergillus have the ability to produce kojic acid from suitable carbon- 
containing nutrient solutions. In addition to the species enumerated 
in the foregoing paragraphs, the following molds produce kojic acid* 
A. albus, A effusus, A nidulans, A. parastiicus, A. tamani, and Penicil- 
bum daleae. From among tho bacteria, several species of Acctobactcr 
may also form kojic acid under favorable conditions. 

Carbon Sources. — A fairly large number of carbon-containing sub- 
stances have been fermented with the production of kojic acid by different 
microorganisms. These .substances include starches; dextrms; disac- 
charidos, such as sucrose and maltose; the he.voscs— glucose, fnictose, 
mannose, and galactose; the pentoses — xylose and arabinose; and 
sorbitol, dulcitol, i-adonitol, inuHn, inositol, glycerol, glyccro-bcta- 
phosphate, dihydroxyacctonc, gluconic acid, tartaric acid, and other 
substances The best yields have, in general, been obtained from glucose 
and xylose 

Concentration of Carbon-containiDg Substance Used. — The con- 
centrations of carbon-containing materials used have been varied from 
approximately 5 to 30 per cent. May and his associates* uscti sugar 
concentrations varjung from 15 to 33 per cent in their work. They 
obtained highest yields with A. fiavus when using a concentration of 20 
per cent glucose Barham and Smils* found a 15 per cent concentration 
of xylose to be most suitable for fermentation Katagiri and Kitahara 
uscxl 5 per cent concentrations of a large number of substances with 
satisfactory results m most cases. The same concentration has been 
u«ed by other workers 

* CiiAi LFNOEn, F , I. Klein, ondT K. Walkeh, your Chtm .SV , p. 1<9S (102'>) 

> Kataoiiu, II , and K Kitaiiasa, BoH Agr Chrm Soe (/(ipan), 6: 3S (1029) 

• Mat, O I: , a J Moter, P. IViLts, and H T IlrnniCK, Jour. Am. Chrm 
.Nor. 63: 771 (1931) 

' Uariiaw, II N , and I) I. SaiTts, Ind Eng Chem , 28: 607 (1030). 
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arKSo».7ir.o 
KCl 
II, PO, 
NIIA'O, 


Grams per Liter of 
Glucose Solution 
... 0 500 
... 0 100 
0 051 
. 1.125 


The mofijum of funo'tlutfl,* often referred 
following composition: 


to a.s "medium K,” is of the 


MfiSO, 7JI,0 
Klld’O, 


Grams in 1,000 Cc. 

of Hater 
....05 
. 1 0 
0 4 


Katogiri and ICitalmm u5c<l media containing O.Ol per cent 
iMgS 04 'ni: 0 , 0.1 percent KHiPO*, 0.05 per cent (NHdjSO* and 0.01 per 
cent CaClj with 5 per cent of carbon-containing substance. 

Kojic acid may be produced in the usual Czapek-Dox medium. 

Ammonium nitrate is very satisfactorj' as a source of nitrogen 
Apparently bettor yields arc obtained when the concentration of the salt 
is small, but sufficiently large to permit growth of the mold. 

P^* The optimum pH for the production of kojic acid under a given 
set of conditions must be determined by experimentation if this fact is 
not already known. The range of pH 2 to 5 or above has been used by 
various workers. Katagiri and Kitahara employed an initial pH of 50 
to favor the growth of A. oryzac but found that a pH of 2.4 stimulated 
formation of kojic acid. A pH of 5.6 was found to be optimum for the 
fermentation of sucrose by Tamiya Barham and Smits obtaiaed highest 
yields when using a pH range of 2 to 3.5 in the fermentation of xylose 
by .-1. /at’ws These men advanced the opinion that the optimum pH for 
the fermentation was the loivest one that the organism rvould tolerate 
(Compare with the citric acid fermentation.) 

The addition of calcium carbonate to a kojic acid fermentation results 
in a greatly diminished yield of the acid. It is believed that the decreased 
yield is due to a change in the pH of the mash. 

‘ May, O E, a J Moyer, P. A H’eixs, and H T Hyrrick, Jour Am Chetn 
Soc, 63: 774 (1931) 

* KiNosniTA, K , Acta Pkyiochim (Japan), 3: 31 (1937' 
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Effect of Added Substances. — In a sor\'ey of 40 organic compounds, 
May and his associates’^ found that ethylene chlorhydrin in a concentra- 
tion of lOO mg. per liter produced a marked increase in the yield of kojic 
acid in a period of 10 days. 

Oxalic, citric, formic, hydrochloric, and nitric acids inhibit the forma- 
tion of kojic acid by fermentation.* 

Temperature. — The temperature range of 29 to 35*C. is optimum for 
the fermentation. May and his associates advocated a te-mperature of 
30 to 35®C. for AspergtHus jfaims (a strain of the A Jlavus^ryzae group, 
secured from Dr. Thom as culture number 3538). A temperature of 
29 to 31“C. ivas used by Kitahara and Katagin; one of 35®C. by Barham 
and Smits, and one of 20'’C by Gould Sometimes the temperature may 
be dropped to 25°C. or lower after the fermentation has proceeded at a 
higher temperature for about 5 days, resulting in increased yields. 

Duration of Eermeutation. — The fermentation generally requires 
9 to 20 days for completion, the period depending on the type of sub- 
strate, species of mold, the temperature, pH, and other factors. After 
the sugar has been consumed, the kojic acid may be utilized by the 
mold, resulting in decreased yields. 

Yields. — Yields amounting to 50 to 60 per cent may be produced 
from glucose solutions by A. /aims Table 133 illustrates the nature of 
the yields obtained from various compounds by Katagin and Kitahara 

Other details concerning the fermentation may be ascertained by 
reference to some of the original papers cited at the end of this chapter. 

Mechanism of Kojic Acid Formation. — There have been several 
schemes proposed to explain the production of kojic acid by fermentation. 
Some of these will be considered briefly. 

Yabuta held that kojic acid arose directly from gkico^-p by a simple 
process of oxidation and dehydration 


HO 

nOHiC HC 

\ 

OK 


CH OH 
CH OH 
CU OH 

/ 


+>fO, 


tic 

IIOH.C ^ 


COH 

i + 3HtO 
CH 


Kmoshita (1927) and Haworth (1928) offered a similar cNplanation 
for the origin of kojic acid. The ba^is for this ihcorj’ appears to be (hat 

* May, O H,G K WAna, andll T IIerwick. Crnfr Bakl /’aro*, (?nt , ,\lit II, 
86: 129 (1932) 

’ H N , ftnil R L Smit^, Tniiu Kansas .tra'f Set , S7s 01 (1031) 
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Kojic acid P 

mu~^n^ Observed by Obsen-ed by 
of sugar pres- | “““SUcbi j Tamiya 

Glycogen 
Inulin 
Sucrose 
Maltose 
Lactose 
Trehalose. 

Glucose. 

Fructose 
Mannose 
Galactose 
a-Methylglucoside 
Rhamnose 
Arabinose 
Xylose 

Dihydroxyacetone* 

Glyceraldehydc 
Methylglyoxal 
Inositol* 

Mannitol 
Sorbitol* 

Dulcitol*. 

Erythritol 
Glycerol , 

Na-glycerophosphatc 
Ethylene glycol 
Ethyl alcohol 
Methj’l alcohol 
Gluconic acid* 

Saccharic acid 
Lactobionic acid 
Arabonie acid 
Glyceric acid 
Succinic acid 
Tartaric acid 
Oxahc acid * 

Acetic acid 
Pyruvic acid 
Lactic acid 
Glycolic acid 

« ^TAOIW, H. and K. Kitahm 
March. 1933 

3 per I. ..«! to O- 

* Incubation for 14 days. 

• Incubation for 40 days. 
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glucose yields relatively laige quantities of the acid in compaiison witli 
some of the other carbon-containing materials. This theorj’ does not 
explain how kojic acid :s formed from compounds containing less than 
6 carbon atoms, such as the pentoses, glycerol, and dihydroxyacetone, or 
from 7-carbon compounds. 

Corbellini and Gregonm* (1930) advanced the suggestion that a 
pyronc nucleus is S 3 mthesized from 3-carbon compounds For example, 
2 molecules of 3-carbon compounds may condense to form a molecule 
that by dehydration passes to kojic acid: 


CH,OH Clio 
illOH -t-illOH 

ino iuo 


CHjOH 

iHOH 

-2H^ 

io ’ 

ioH 

inoH 


o 

HC^ COH 

HOH,C (! (!h 

\ / 

O 


Kejie knd 


Pyrones are readily formed chemically from acyclic polykctoncs through 
dehydration 

May and his associates share the view advanced by Corbellini and 
Gregormi that kojic acid is synthesized from some substance containing 
2 or 3 carbon atoms They suggest that l-hydroxyacetyl-3-formyl-3- 
hydroxyaeetone may be the precursor of kojic acid, although the former 
compound has not been isolated from a kojic acid fermentation: 
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Birkinshaw, Cliarles, I.ilb', and Raistrick* (1931) have proposed two 
theories to explain the mcchani^sm of kojic acid formation. One theorj’ 
suggests the formation of kojic acid through the condensation of acetalde- 
hyde This tbcorj’ is ba.scd upon the fact that ethyl alcohol is frequently 
found in mold fermentations, especially in tho'^3 in which kojic acid is 
■CoRBELUM, A.nnd B GnEOORiM, diim , 60:214 (1P30) 

* Birki\'‘ii^», J n,J II V Ciunixs, C It laLi-T, nnd II Kaistrick, Trorj* 
Hou Soc Lomlon. B220: 127 (1931) 
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one of the end products. The suggestion is also made that the presence 
of ethanol presupposes the occurrence of acetaldehyde as a precursor. 
Katagiri and Kitahara {1<)29) showed that acetaldehyde could be dctecte<J 
by sulphite h.-^ation in several different types of media fermented by 
Aspergillus oryzae (Higuehi blue). Sakaguchi found that ethanol 
increased the yield of kojic acid from glucose solutions. He therefore 
believed that ethanol might be an intermediate in the fermentation. 

The addition of fixing agents, such as sulphite and dimedon, to mashes 
being fermented by A. iamartt did not prevent kojic acid formation, nor 
could fixation products be isolated from the media, according to Gould.* 
Katagiri and Kitahara (1033) have reported that no kojic acid could 
be detected in media that contained calcium hexosediphosphate or 
calcium and magnesium hexosomonophosphates. Furthermore, these 
investigators were unable to obtain kojic acid from media contain- 
ing acetaldehyde; acetone; or pyruvic, parapyruvic, or acetoacetic acids 
Thus, although acetaldehyde and ethanol are produced in some mold 
fermentations, there is no direct evidence to show that they are inter- 
mediate products in the formation of kojic acid. 

The second theory proposed by Birkinshaw and his a-ssociates was 
that a reserve carbohydrate would be anabolirod from the carbon- 
containing substance in the medium and that subsequently the rcsene 
carbohydrate would be hydrolyzed to a compound that could be con- 
verted to kojic acid. 

Research carried out by Gould has indicated that kojic acid is prob- 
ably not produced from reserve carbohydrates. Gould grew mycelial 
mats of A. iamani on media containing several different carbon-con- 
taining substances. The mats were washed free of kojic acid, dried, ana 
then ground to a fine powder. The powder was substituted for sugar in 
the Czapek-Ho.x medium. No kojic acid was produced ia 90 

Tamiya proposed that from the various constituents of the medium 
a hexose might be synthesized which would give rise to kojic aci - 
In 1931. Challenger, Klein, and Walker reported that A. oryzae pro- 
duced a yield of more than 30 per cent of the theoretical from di > roxy 
acetone They proposed the following scheme 

I 

OH H CH OH 

HC^ ''COH (-2H.O) HC 5°''+3H.0 

HOH.ci^ Ih +HO. HOH,CO^ ^OH 

• Gould, B S , Biochem Jour , 32: 797 (1938) 
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Challeoger and his associates thus assumed that dihydroxyacetone or 
glyceraldehyde were the logical intermediate products in the formation 
of kojic acid. 

Katagiri and Kitahara (19S3> concluded, as the result of extensive 
research, that dihydroxyacetone would be the most probable substance 
of those suggested to assume an important role in kojic acid formation. 
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Ward and his assorfates,' in studying the biochemical activities of 
jungj of tho gonus^ liktsopus, lound several species (hat converted g{ucose 
to d-Iactic acid in tlie presence of calcium carbonate Tt\’o strains, 
li. oryzae 394 and It. oryzae Went and Gcerligs 395, demonstrated particu- 
larly good results, yields up to C2 per cent, or greater, being obtained by a 
surface-culture method. 

Methods of Production. — In general, d-lactic acid may be produced by 
selected strains of molds by’ a surface-culture method or by a rotary- 
fermenter method. The research of Ward, Lockumod, Tabenkin, and 
Wells indicates the superiority of the rotary'-fermenter process over the 
surface-culture process. 

The following descriptions arc based on the research carried out by 
scientistfl of tlje Jndustria) Pann Products Jlesmrch Division, Pureaa of 
Chemistry and Soils, U.S. Department of Agriculture. 

Surface-culture Method. — In thw method, the molds are grorni in 
Pyrex Erlcnmeyer flasks, each of which contains 75 cc. of nutrient glucose 
medium. Sterilized calcium carbonate is added to the flasks at the rate 
of 4 or 5 g. per flask at the time of inoculation, for in the absence of calcium 
carbonate only a small amount of acid is formed. 

The Mold. — Lactic acid has been produced from the following molds; 
Rktsopus arrhizus, R. ckincnm, R. -pscudochinensis, R. elcgans, R. oryear, 
R. salebrosus, R. skanghaiensts, R. slohntfer, R. iritici, certain ]\Iucor8 aM 
at least one Momlia. Of the foregoing molds, E. oryzae Went and Geerli^^ 
395 and R. oryzae 394 arc outstanding in their ability to produce d-lactw 
acid. The authors have found no records indicating the production o 
lactic acid by aspergilli, penicillia, or fusaria. . 

Preparation of the Mold Suspension — Lockwood, ^YaTd, and i 
prepared their mold suspension in the following manner: The mold 
grown On sterile moist bread for at least 4 days at 20°C. m order to in ace 
an abundance of spores. Stolons and sporangiospores were plac 
tube or bottle containing sterile water and shaken \'igorously to i ra 
the spores. Using aseptic precautions, the stolon mass was then , 

An estimate of the spore content of the suspension was nex , 
the size of the inoculum regulated to provide 12 5 to 100 mil ion 
200-cc. Pyrex Erlenraeyer flask containing 75 cc. of nutnen g 


medium. , n-oHur 

The Medium —The composition of the medium used for the p 
tion of lactic acid ivas as shown in the table on page 650. 

I U'ahd, G. E., L B. Lockwood, O. E. May. and H T. IlERjircK, Jour. Am. C 

Soc,BS:1286(m6) a R esearch, Bi: 8^^ 

*Lockwood. L B., G. E. Ward, and O. E. Max, Jour. Agr. R^searc . 


( 1930 ) 
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Glucose (commercial grade) ... 15 per ceot 

KHjPO* 0 3g. pcrL'ter 

NHiNO,, (NH0 jSO<, or urea, to yield 0 .5 g nitrogen per liter 

MeSO,- 7H,0 0.^5 g per Mer 

Effect oj Variations in the Conslilucnls of the Medium.— Lockx^ood, 
Ward, and May studied the physiology of U. oryzae Went and Geerligs* 
and brought out many important facts. The optimum concentration of 
glucose was 15 per cent, determined on the basis of lactic acid formed, the 
glucose consumed, and the weight of the mycelia. 

The best 3’ields of lactic acid were produced when the concentration 
of KH2PO4 was 0.6 g. per liter. Doubling this amount of the salt did 
not increase the yield of lactic acid. 

Ammonium chloride; ammonium nitrate; ammonium sulphate; 
d-f-alanine; d-glutaraic acid; glycine; peptone; and urea served as satis- 
factory sources of nitrogen. Sodium nitrate failed to produce gron-lh, 
while sodium nitrite produced only a slight amount of growth. Table 134 
shows the effect of different sources of nitrogen on the metabolism of 
R. oryzae. 

Effect of Zinc Sulphate . — When calcium carbonate was a constituent 
of the culture medium, the addition of 10 mg. of zinc, in the form of zinc 
sulphate, caused an increase in the weight of mycelium, in the glucose 
consumption, and in the absolute quantity of Jactic acid formed by 
oryzae Went and Geerligs 395. The yield of d-lactic acid, calculat^ in 
terms of grams of acid formed divided by grams of glucose 
became progressively smaller as the concentration of zinc was increased, 
however. In the absence of calcium carbonate, there was no increase m 
the glucose consumption. 

Effect of Other Salts.— Eorfic and chromium ions, both in the prcscnc 
and absence of calcium carbonate, produced no apparent effect on g uco'C 
consumption or lactic acid production. . 

Temperature . — A temperature of 30®C. is favorable for the pr uc 
of lactic acid. At 40“C., the grmvth of the mold is more rapid bu 
jdeld of acid is less than at 3(}"C. ^ 

Incubation Pened.— Cultures are usually incubated for 
The effect of the incubation period on results obtained wt 

is showm in Table 135. ^ tlVnt and 

Fumaric Acid — Production of fumaric acid by f?. ory.a , 

For example, Lock.vo<JcI, 

BfavoraWeforitsprodac- 


Geerligs 395 is a variable factor. 

May found that a temperature of 40‘*C. is more f 

• Ibid. , , 

‘Lockwood, L. B., G. E. Wabp, and O E. Mav, Jour. 
0936). 
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tion than 30*C.; that ammonium nitrate (NHiNOj) in a concentration 
greater than 6 g. per liter and that high concentrations of glucose inhibit 
its formationj and that it is not produced during the early part of the 
fermentation but only after several days. 


Table 135 — ^The Epfect op the Length op the Incubation Period on the 
^Ietabousm op R. oryzat^ 


Age, dnyt 

i 1 

1 Weigti 

1 liura, 
gratui 


1 C»lcittta dissolved 

1 d LacUo ocid 

Fumino U'-id 

— 

1 

; Tot»i. j 

Due to 
d-l>ct>c 1 

Duo to 1 

(umsne 1 
octd, ; 
Iier «tnt ' 

Weight. 

nvigiit 

JleW,* 

Weight, 

Weight 

jield.* 

5 

O.OlO 

t 3 

0 0«7 



0 060 




6 

0 032 

S 0 

0 a 

87 1 

0 

0 03 

46.8 

0 

0 

13 

0 220 

6 3 

0 88 

88 ' 

0 ' 

3 30 

63 3 

0 

0 

U 

0 S89 

10 8 ' 

1 38 

78 1 

8 7 { 

4 60 

42 0 i 

0 314 1 

3 0 

2 t 

1 032 


1 

_u 

13 0 1 

4 66 j 

41 6 1 

0 664 j 

6.0 


•7icc ot 16 per gluoOM. 0 2S I MgSOiTHiO. 0 3 g KUirOt, knd 2 eg g. pet Uuri 

6g CeCOtPei^^ek Temperature 30*0 

* CretM ol gctd produced divided by gruu oi glucoee corieumed 


Other End Products — Acetic, Utnaiic, and succinic acids and ethyl 
alcohol hav'o been detected in traces, or m small quantities, m some 
glucose media fermented by R. oryzae 

Yields . — Yields of as high ns 62 to 67 per cent lactic acid have been 
obtained by the surface-culture method on the basis of the sugar consumed. 

The largest quantity of d-Iactic acid is produced just before sporula- 
tion of the mold. 

The Rotary-fennenter Process. — Lactic acid is produced in 30 to 
35 hr ‘ in rotating aluminum drums of the type de-scnbed m the chapter 
on t he gluconic acid fermentation. Tins process is superior to the surfacc- 
cuUurc process both from the standpoint of the shorter fermentation 
period and of the quantity of acid produced from the sugar consumed, 
j-iclds of 70 to 76 per cent of acid being common 

Procedure.— Spores are produced for inoculation purposes by growing 
tho mold on sterile moist bread A special germination medium is inocu- 
lated to contain 420 million spores per 1.5 liters of the medium. The 
germination medium containing the spores is shaken for 24 hr. at SO^C. 
m a 4-lUcr glass bottle equipped with an outlet tube. By using this 
raeilium, the composition of which is shown in Table 136, a saving in fer- 
mentation time is effected 

‘U'ard. O E,L B I,ocKwooi>, B Tabfnkin, and P A. WYlus, / nJ. Pni; Chen, 
SO- l2aT <193S) 
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A 3-liter portion of the fermentation medium is inoculated ivith 250 cc 
of the gormiimted spore cuKtire and placed in the aluminum dnwi Tic 
drum IS operated at a gauge pressure of 5 Ib. per sq. in. and a rotation 
speed of 13 r.p.m. Air, measured at the exit, floirs through at thente 
Of 150 cc. per min., 'while the temperature is maintained at 35°C. 


TABt/E 13G So^fE Media Used js Lactic Acid PaoDccnoN' 


Substance 

Germination 

medium, 

grams 

Fermentation 

medium, 

grams 

Glucose (9J.5 per ecnf, commercial) « 

110 

150 

Vtca. ... 1 

2.0 

' 2.0 

KH,PO. .... ) 

0.60 

1 0 60 

MgSOi 7HsO 

0.25 

0 25 

ZnSOi 7HiO 1 

0 OSS 

O.OU 

CaCOi j 

10 0 

* 

Octadocyl alcohol .| 


0 03t 

Distilled water | 

to 1 liter 

to J liter 


* Ward, 0. C.. L, Q Lqckr'ood 0 Tarbmrin, Rod P- A. WttL», Ind Sng Chim , tO: 3W3 
(less; 

• SCO g to each 3-htfr poftiM-^lerih/td a«parate>x 

t Dissolved in ! 7 cc cthsnol (sdded to Dfcvent eic^ivc (osnunj of the lermentstion inedium ow'" 
Ins the lotstion of the drum). 


On account of the iimited sohibihty of caicium Jactate and in view of 
the higher yields obtained by this method, it is necessao’ to use a socie* 
what lower concentration of gfucose than is the case in the surface-cuhin^ 
method When a precipitate of calcium lactate settles out, forming ^ 
white mass, fermentation is much inhibited If the settling occurs before 
all the sugar is utilized, it is particularly objectionable. By using 13 per 
cent, or loss, glucose, satisfactory results are usually obtained. 

Results of a Typical Experiment .- — The following data arc quoted to 
illustrate the result of a typical fermentation carried out by the rotating 
drum method, using R. oryzae Went and Geerligs; 


Original glucose concentration 
Glucose consumed 
Ethyl alcohol produced 
Calcium in solution 

Lactjc acid equivalent to dissolved ealcium 
Lactic acid found by analysis 

Acidity due to lactic acid, per cent t 75 d 

Yield of rfdactic acid, based on glucose 
> Wrbo G E.,L B LocKTiootT.B Tx»»w*w.*»dP A Wttwi./ntf e 


Crams per JOO Cc ’ 
13 3 
12 8 
0 62 
2 ilS 
10 J2 
9 66 
95 i 
75 5 
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The rate at which glucose was consumed m this experiment is indi- 
cated in Fig. 89 on this page.^ It will be observed that there was but 
little consumption of glucose during the first 15 hr., but during the rest 
of the experiment the sugar was consumed at a fairly rapid rate. 



Fiq 80. — Course of a t}pical c^'lftcCie acid auhmprtted fermentation induced by Rhuoput 
t/Tj/zae ICaurre*!/ 0 / Ward, Loekuo^. Tahtnktn. and WVf*, Ind Rng. Chtm , 30. 1233 
{103S) 1 

Respiration and Lactic Acid Production. — Waksman and Foster* 
have carried out research concerning respiration and lactic acid produc- 
tion by a species of the genus Rhuopus . They have suggested reactions 
to explain the mechanism of these important processes. 

Advantages of Mold Process. — Although d-Iactic acid, a physiologi- 
cally important acid (kno«n as sarcolactic acid, also) is not producer! 
commercially by molds at present, tins process has, as pointed out by 
Ward and his associates, several apparent advantages. Owing to the 
fact that urea is used as the source of nitrogen, a lactic acid free from 
color and of relatively high purity maj’ be produced The fermentation 
IS rapid, and salts of lactic acid are easily recoxcred Furthermore, this 
process provides a source of rf-lactic acid, which may be used for the* 
preparation of crystallized d-lnctic acid. 

' Ward, Iajckwood, Tadenkiv, and Weu-s, loe etl 

> \\ AKSMAV, S A , and J W. FosTtR, Jmir Agr Re*earrh, C7: S73 fin.3S) 
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facture of Dcxtrolactic Acid, U.S Patoit 2,132,712, Oct. » 



CHAPTER XXXII 


MANNITOL PRODUCTION BY MOLDS 

Mannitol (CHjOH (CHOH)< CH*OH), an alcohol, occurs natural])' 
in manna, an exudate from certain plants, prominent among ubich is the 
manna ash tree, Fraxtnus omus It is formed as a fermentation product 
from fructose by certain bacteria. 

Braconnot (1811) and Vauquelin (1813) reported that mannitol nas 
found to be a constituent of the tissue of some of the higher fungi. Man- 
nitol has since been found in the myccimro of some of the lower fungi as 
well. As such, it is regarded as a resen*e food product rather than as a 
product of fermentation 

Several fungi, however, produce mannitol a.<5 a fermentation product 
from nutrient sugar solutions. Mannitol is produced from glucose in a 
Czapek-Dox solution by certain white aspergilh,’ by Aspergxllua elepans, 
by A. nidulan$, by llelminthosponum gentculalum, by a species of Clatter- 
osporium, by Byssochlamgs fulva, and by Pcntciihum chrysopenum It is 
produced from sucrose, together with itacomc acid, by A. tfacomeus; and 
from glycerol by molds of the A glaucus group Ethyl alcohol is formed 
by two of the foregoing fungi, namely, II g(ntculatum and the species of 
Clasterosporium, as one of the main products.* Other products arc 
formed in small quantities by some of these fungi, such as glycerol, 
acetaldeh)'de, succinic acid, and malic acid. 

Pruess and his associates* have isolated mannitol from ^1. fischcri and 
A. oryzae. 

Yields of ns much as 50 per cent mannitol, based on the sugar utilized, 
have been pro<luced by a white species of Aspergillus (Tliom 40-10*189) 
from the Czapek-Dox solution of glucose (2 g of NaNO*, 1 g of KII}P 04 ; 
0.5 g of KCl; 0 5 g. of JXgSO* 7 HiO; 0 01 g FeSO, 7 11,0; 50 g. of 
glucose and \satcr to 1,000 cc ) 

Two other species of white a«!pcrgtlh, tt strain of .1. eirgani and five 

* Binaivsiivw, J 11 , J. 11 V CiivK».r«, A C IlETUEniNOtov, nnil H ItAisTnuK, 
rraiu noy Stx London, 220B- 153(1931) 

*Dirkinshvu, J H, and 11. JIaistbiik, Tnn* Hoy Soc. London, 220B: 3.31 
(1031) 

’ PnpESft, L. -M , W H. Prreasox, and K B FniP, Jour. Biol. Chem , iKi 

(m 2 ) 

m 
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strains of A. nidulans, were investigated by Birkinshaw and his associ- 
ates.' The metabolic solutions were incubated at 23 or 24“C. usually, 
for periods of 2 to 10 weeks. Control of aeration was found to be impor- 
tant. Higher yields were obtained by restricting the air supply, this 
being effected by keeping the flasks closed to all air supply except the 
small amounts of sterilized air that were passed through the flasks during 
a 30*min. period once a day. Unrestricted aeration resulted in lower 
yields, for the “water-soluble product” formed was used up as the avail- 
able glucose disappeared. Some of the highest yields were obtained 
ivhen the e.xhausted metabolism solutions were replaced with fresh nutri- 
ent glucose solutions. As a result of using the m^celia over again, 
shorter fermentation periods were required. 

The same strain of Aspergillus^ produced yields of about 35 per cent 
d-mannitol from glucose, mannose, and galactose on the basis of the 
sugar utilized. A araaller yield of d-mannitol was obtained from xylose, 
a pentose. The yield from arabinosc was poorer than that from .xylose. 
No mannitol was produced from fructose, which is readily fermented by 
some bacteria and reduced by chemical means to d-mannitol. 

Byssochlamys fulva, Olliver and Smith,* an ascomycete and a cause ri 
spoilage in processed fruits, produces mannitol from glucose to the 
extent of about 30 per cent, on the basis of the sugar consumed, >'hea 
grown in the Czapck-Po.x solution. The inoculated solutions wct® 
incubated at 24'*C Byssochlamic acid {CisHjoOj; m.p. 163.5 Cj ''s* 
obtained in yields of about 0.5 per cent along with mannitol. 

The following equation represents the formation of d-manmto ro 
d-glucose; 
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The mechanism by' which d-mannitol is producetl from tl p 
is not known at present. 

> BiUKINSKAW, CiUBI.es, HeTIIBBI.VCTON, and 

<C0YNE, F. P., and H. RaIstricK, Btochem * : g, 

» Raistmck, H , and G S«mf, Btochem. Jour , 27: 
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MOLD ENZYME PREPARATIONS: USES AND PRODUCTS 

Reference hns been made in Chap. XXIY to the tj-pes of enzymes 
that arc elaborated by molds, while the use of living molds and mold 
preparations to saccharify starch in the manufacture of industrial alcohol 
has been discussed in Chap. HI. Several enzyme preparations « ill now 
be considered m greater detail. 

Commercial AmyUse. — Commercia} awylase or diastase is marketed 
under a variety of trade names, for e-tamplc, Taka-diastase, Kashhvagi- 
diastase, Digestin, Polyzyme, Protozymo, and Oryzyme. Such prepa- 
rations are generally mixtures of various enzymes Purified enzyme 
preparations may be secured, hoivcvor.' 

Preparation. — The mold that is to be used for the enzyme preparation 
rway bo grown in trays in shallow layers or in rotating drums. 

In the former method, which is the older one, bran (wheat or rice) 
is moistened thorouglily, steamed for 1 to 2 hr. to make soluble the starch 
and to destroy the undesirable microorganisms present, and then cooled 
to 25 to 30*C.® This cooled material is inoculated with the spores of a 
selected strain of Aspergillus oryzae. The inoculated and well-mixed 
mass is spread in trays, preferably with false bottoms, or on a suitable 
base, to a depth of approx'imatdy 1.5 in.’ The temperature is mahi' 
tained close to tlic optimum for the growth of the mold, usually about 
3Q®C. A humidity sufficiently high to prevent drying of the bran and 
ventilation adequate to supply sufficient oxygen and to carry auai sotao 
of the carbon dioxide are essential. The mold dcAclops rapidb, an la 
40 to 48 hr a maximum of desirable enzymes arc aA’ailable in t e mo ^ 
mass. The product may be dried to prevent bactfnal action, or t e mas 
may be c.xtracted at once with water (1 to 2 volumes for each xo ume 
product), filtered or strained, and presen’ed in a manner suita e 
purpose for which the preparation is to be used. ^ .fftciVnt 

If the extract is to be used for food or for medicinal pu^oses. s ^ 
ethanol is added to produce 70 per cent saturation. c 

» Kitano, T , Jour Soc Chtm. Ind. (Japan), 40: 37 ^ pUlins 

S A., and TP C. VavJSOS, “Enzymes. The TMiaams 
Company, Baltimore, J92fi 

* Takamxne, J , Jour. I fid. Bng. 6; 824 (1914) 
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precipitated by the alcohol. The precipitate is washed, and thus 
dehydrated, with strong ethanol, dried and finally powdered. The 
resultant powder is whitish to whitish-yellow in appearance. 

An alternate method is to concentrate the extract to a heavy sirup, 
using vacuum and a temperature of 30 to 40*C. 

In case the enzyme preparation is not to be used as a food, the aqueous 
extract may be preserved by the use of a chemical antiseptic. The 
addition of sodium chloride to a concentration of about the saturation 
point (20 per cent) has been recommended.* Thymol, tricresols, phenol, 
and other substances have been used as preservatives. 

According to Harada,' the essential factors in the preparation of 
enzymes are (1) the quality of the bran; (2) the moisture content of the 
bran; (3) the pH, the temperature, and the time of incubation; (4) the 
humidity; and (5) the use of sterilization. The selection of an appro- 
priate mold is, of course, of prime importance* as not all strains of the 
A. /at'us-orj/zac group are equally potent in enzyme production. 

The production of amylase preparations by the use of rotating drums 
with controlled aeration and temperature has been described by Under- 
kofler, Fulmer, and Schocnc* (sec Chap III). Products prepared by 
this method were high m potency 

Continuous Tray Method for Producing Mold Erjymes. — Jeffreys* 
has described a method for producing mold enzymes by a continuous tray 
method. lie states that it eliminatCR considerable of the labor normally 
required for handling trays in older processes The method consists of 
preparing an inoculum, sterilizing the substrate and cooling it, inoculating 
the substrate, placing the inoculated substrate m trays, loading the trays 
on trucks, incubating the trays in special incubators, drying the mold 
product m tunnels, and grinding the dried product and bagging it. A 
diagram of the process is shown in Fig. 90. 

Preparation of the Inoculum . — ^Thc mold A. oryzac is carried on suitable 
agar slants Thc'^c cultures are used to inoculate a stcnic moist bran 
medium m 2-qt. jars. After adequate sporulation has taken place, the 
contents of a jar may be U'sod to inoculate 100 lb. of sterilized and cooled 
bran or mother culture The latter is grown in specially designed shallow 
trays (Fig 91) equipped with perforated covers A piece of newspaper is 
placed over the top of the tray before the cover is put on, which, according 
to Jeffreys, prevents contamination and absorbs moisture. The trays 

> Haiimii, T , Ind Eng Chtm , 23; 142* (1931). 

’OaiUMA, K , and 31 H Cncncii, Jowr Ind Eng CAfw , IB: 07 (1923). 

• ONDERKorLEn, L A , I). I. FeUMm, and I# Schoeve, Irul Eng Chrm , SI : 731 
11939) 

* JEfUiETs, G. A , Food Ind$ , 20; (1919) 
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coutaining the mother culture'^ are plactnl on nirk-* in sjMvhl itionhaloi 
rooms in whiclj the temperature at appri'\iiua!i'l\‘ Tv''*r, hy 

means of forced-draft circulation and lientin}; and coohnj; coiN. Aftei a 
suitable incubation period, tlie mold-^-pon* pix’pnral ion i-* h':ul\- for dr\ inn 
or for inoculation purpo^es. The tray co\ers ar\' nunoxtxl to faeililalo 
drjing of the mother cultun^?. 

/’reparation and /nocidation of Suh^trafe -The Milntrate frti onto a 
ronveyor by a percentage fofxlor. where it i'* mixed w ilh n'lpun'tl amount 



Jill 01 < Iillufp Ifn) Jf '■/f/ .• /»u/l . lOt r.XH llltllj J 

of water The mixture ii heatetl t« ItKlT , or higher, witli pfeiitn mid 
maiiiimiutl at tin-* teinfM’ralure for iipproxiiimlrly Iti miii The pli-miie«I 
mixture tlropjK'd onto a roiixeyor where rttohrig ix hroiight nhoul l*> it 
eoinhinatKiii of etjhl, filtere*! mr iilid ft wnler jeo kel 

\Iiii»i and drie<| Fixiri'x are i»*e»l lo irio'uhite the {ireparid mii»«tr/i|e, 
tlie iricp-uhim ariiouriting to nt'Oiit I) f» |ht r»iil on a ^lr^ Im*!" 'I'he mra't 
•jmreH are preparetl h\ traM^ferniiR the iindrie<l imitli'r Milhire to n 
|KTf'jrale«| li»«ket m a lank mid ptj«|»eri«liiiK the Ppon* in plmle wnfir, 
ll•Inc merlnnirnl nzitnlmn 'Jlie eporr eii'iKrixion ix forrf’l to a I'h iidin*: 
mix<r l>\ fiieanx of n projKirfioninsj pump where it m »pfa,ir<l iip<»ri the 
‘11 1 1 * t rale \l tlie ^ariie tune, tlie Pul»"lfftte I* iii'p iiInN d w ith <lry »p»>f« x 
whii li are fe»J m from a bin l>\ imnn* bf a j-eit minpe f<e»l/ r nn’l n I'l'e* • r 
I l.e -iilftrnte mi<J xporex nre llo/roi •? I l»*r' ih'-r 
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Tiq. 02. — Culluring tunnd. 



.voUi i:sr.Y.\!i, i >/>' .tvj* n.nj.t rr.^ ■» 

Trayxny arA — TIj** ‘’sK'Untp {» f^to n 

r’j«rrr»l>'r it un.f*'nu!> tt 11 p I ‘.o*. 

tny« ftrc con\ryr«l to n If»v!\n 5 ; jv* r.t at.-I l>n<!pil < nio a toi-V. r Utir- 
lsc'!'Hnc C<) trnys, t in apiri Tl.p tnspl» sn* jfsO.p'l ir.'.n r.tlior-rr 
timiirl* (»p<^!nt inpiih-\tnr'' on mfhm*! xtf'lfy * Air ;* c rrnh**^! m t! r 
rnUurinc lunti*!’* mTnn* of fan* f* ft n}»\rt f^n t}.p pp ! 

ar.'! f'lWpUinR %N\itph «Jra*v m tl.p a:r. fir'*') t-' rr^im.tat»'l iltrVT t.i 

V»R 1*2 ) 

l^iirinc itipoliatjon th^ trntp«-ratisrp of tip foNtrs'r s» kr^» f ?- -5 
ti'inj rIko p 3T*K lo rimilatirR p***! l.otnj !.i **5 si? tl ^ 

itiR lurin* 1« 1\1 j' n »i Ixpoin • rp<p-*An to « arm t! p t f i* r t<}p>- r',i 

it I* fjfi)p3 }•})*■» J I A ll r tj*p I f ■ t! »-fm<p1at5','il5y fntto'’iAl ’ 

nnji y' Mlrr CTo.i j), i-i iKp •'i}'‘ 5 ;a*r J.v« ft v--’ »■*! ••• 

o*’nlli nfTrr 2 l t«« .“<> l.t tl.f ini'l' t«; 5 h iJ f ' •tr'* s'r 
lran»{»«’tftp'l into i},p «|?a m- ti.firp'* nJ I'J. r» ' •••! t'f p'l.—.Arj <ir. 1 w-* r *- I- 
nrj ilJi n rpfitpf rtf fj** ll.p R't P:-'** j-t 'allrj !*/ 1 ? r «!irr< •} -7 

t'f UiT trjnirfr.rnt <'f ll.r tnjrJ.* in If.p f.*»t n‘J>c*' fi''J f vjpfrpr'.prr*.! to 
t|j« ’T «!inrti'*n in iltp *«> •t-'Rp ll.p trr' ;wT,\t*i'p tJ p »p»t r-p- 

t'oMainjfj firi»!'jrl :» f ' rK'-oJ t<» rt****} l*p*5*7;*ff 

prir-f-*, p l.PTr n tl ' n« »'\rp f-.tr'.i t* r**J •p«*f to a* -r/ v j--? fr» t 
n p »{ti”f i' £?•»:* I ?.* I f *" it r.'i' }-• r\»«R-*r.l 

H't’' I'l' ! t ^ \{»rrJ*p^>**p*l«>'flJpt'M»3'r?»*' "f*} t'pt 

t*P r "I't .r»I “p. B ‘t tP tf P ^'■■vrr'P'l I'p t> p. tn ■ r tr* I ' \ .• g f ** ’* /"« 

« fo'li ro to tf ' "I n rt fr J ' IJ / > *J1 rt 0 } }}♦»>•», s», / T v} P'r tj r i 

sfr • ortP-J »'• * Ir** 5><-»>li,tP <•; ."•t*} f- ♦ A 1“ ♦ \fsr*l- 7 p*i r, p •• } 
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In one method ot making U'hote broiv'n rice is used. Tbe rice 
is cleaned, soaked for a few hours in water, and then steamed. The 
grains are thus swelled and cracked or burst. The steamed rice is 
spread out in trays in a layer approximately in. thick to cool. Spores 
of A. oryzae are mixed thoroughly with the rice, which may then be 
heaped and covered with damp cloths to favor the growth of mold 
mycelium. After incubation at 25 to 30®C. for a few hours, during nhich 
the hyphae appear, the riceisagainspread out in trays to a depth of about 
in. and incubated until the period of maximum enzyme production 
During incubation of the rice in the trays, it is necessary to regulate 
the humidity carefully, for an excess of moisture may lead to bacterial 
spoilage of the molded rice, while insufficient moisture may not permit 
proper development of the molds. 

Some Mold Products. — Molds have been used for many centuries 


in such countries as Japan and China on account of the desirable changes 
which they produce in various substances. In the preparation of soybean 
sauces, sake, and various other products, molds, especially of theA./ni'wa- 
oryzae group, assume much importance 

Soya sauce is a product manufactured from the soybean using shoyu 
koji. The strain of A. flavus^oryzae used should possess high proteolytic 
action, as well as amyloclastic, since there is very little starch in the beans 
used for the fermentations. The koji or starter is prepared by inoW' 
lating cooked soybeans, usually mixed with ground roasted wheat, 'vm i 
a selected strain of A flavus^ryzae and incubating until each 
covered with sporulating my'celium. The koji is placed in a concentra 
sodium cbioride brine wherein an enzymic digestion takes 
long period of time — from a few months to a few years. Daily agi a lo 
and aeration are advantageous Yeasts and bacteria aid in 
about the changes in the bean The mash irhich results is ar ro 
in color and of thick consistency'. The mash is finally presse , an 
juice or sauce is boiled, filtered, and processed. Soya sauce is use i 
manufacture of table sauces or it may be employed directly. 

Chinese Soya Sauce . — The production of Chinese soya 
described by Lockwood,^ of the Northern Regional Research Ubo 
U.S. Department of Agriculture. Dr. Lockwood was aJ phunkin". 

by Mr. Pei Sung King, National Bureau of f 

China, while the latter w'as working as a guest at the ^ . g^jjgans 

The raw materials used in the process consist principa y 

1 Alpohol FermentalioV’ 

» Morikawa, K , ^ Cambridge, 

dissertation in biology, 

* Lockwood, L B , . 
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with smaller amounts of rice, coarsely ground paiched wheat, and table 
salt. 

There are three types of microorganisms used m thefermcntatjon. two 
strains of Aspcrgdlus oryzac (NRIlL 1958 and 1989), a yeast {Zijgosac- 
charonujces soyao, or Ilansenula NURL YlOOG), and a bacterial culture 
{Lactobacillus delhruecKii NRUL B445). 

In the production of Chinese soya sauce, there are two mam steps. 
The first of these is concerned with the production of five cultures or 
kojies (two mold, one yeast, one bacterial, and one combined or soya 
koji); the second, with the brine fermentation of cooked soybeans. 

PRKPAHATION OF THE KoJiES. — The m«lium used for the preparation 
of the mold kojtes is rice that has been cooked until soft in boiling w'ater, 
ilrained, divided into 2 portions and sterilized One portion of the 
sterilized nee is inoculated wnth A. oryzae NRRL 1988, the other with 
A oryzae NRRL 1939. The inoculated rice is incubated until it is 
covered with green mold growth which requires 3 to 5 days. According 
to Lockwood, only tested strains of A anjzae should be used in order to 
avoid the chance of producing sauces of poor quality 

The medium for the yeast and bacterial kojics is prepared from soy- 
beans ‘ The soybeans are soaked overnight m water and drained 
Fresh wafer, I qt. for each 3 oz of soybeans, is added, and the soybeans 
are cooked at a steam pressure of 15 Ib for 1 hr. The broth thus obtained 
is dispensed into bottles and sterilized at a pressure of 15 lb for 16 min. 
The cooled broth is inoculated with a suitable culture of Z soyae or of 
Hansenula NRRL Y1090 and incubated at 30 to 35®C (85 to 95*F ) for 
1 to 4 days, after w’hich time it may be used. A 2-day*old culture may be 
stored in a refrigerator for several weeks before use, according to Lock- 
wood " The bacterial kojt is prepared by growing L delhruecku NRRL 
B445 in another portion of the soybean broth at, a temperature of 35 to 
40®C. This culture also may be used when 1 to 4 days old. 

Soybeans are the mam ingredient used in preparing the soya koji 
Five pounds of them are soaked in 1 gal, of water for 20 hr , after which 
the excess water is drained off The soybeans are cooked for 3 hr at a 
steam pressure of 15 lb Then 2 lb. 3 oz of coarsely ground parched 
wheat are added to the cooked soybeans and thoroughly mixed therewith. 
This mixture is spread in layers 2 in deep on suitable wooden or metal 
trays The four A ojies (two mold, one yeast, and one bacterial) are mixed 
with the soybeans on the trays, after which the trays arc stacked in such 
manner as to permit good circulation of air and incubated at SO^C. (or 
‘Lockwood, L B , Soybfon Digext, 'J (No 12): 10-11 (1947) 

*Ibid 
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SST.) for 4 to 5 days. Under these condition.s the sovheans become 
covered with a groivth of A. oiyfiac and ready for the' ensuing brine 
fermentation. 


TilK nniN'K FKR^tKNTATIo^^*— The soya I'ojif prepared as outlined 
above, is placet] in a suitaMe ticep container and J ga/. of brine, con- 
taining 2 lb, 1 oz. of t.ablc .‘yilt, in atldcd for each 5 Ib. (original weight} of 
.soybeans used. The m.^-sb is incubated for 30 to 90 days at a temperature 
of 35 to3S®C. (or 95 to J00*F.)a«d then strainct]. The residue is pressed 
and the e.^trnct is combinotl with the strainings. The liquor thus 
obtained is hcatcti to just l>cIow' tlic boiling point for 20 min. Alum 
(1 02 . to SO gn!. or to 700 to SOO Jb.) or kaolin (1 02 . to 1 gal) is added to 
the lieatecl iKiuor. The mixttirc is permitted to settle overnight after 
which it i.s filtcrc<l, Tlic soya .«aucc obtaine<f (12.5 lb. from 5 16. of soy- 
beans) is of the first or highest gra<Ie. A second-grade sauce is obtained 
by adding Iiot water to the press cake (1.25 gal. to that from 5 lb. of 
soybean.*!), mi.\ing thoroughly, draining, ant] pressing the cake once more 
Clarification of thi.s litiuor is ncliicvcd in the Svame manner as outlined for 
tito first gratle soya .sauce. Then 0.75 Jb. of l.nble salt is added for each 
S]|> (original weight) of i>oybcans u«c<l Ayichl of JOJb. of second-grade 
soya sauce may bo obtainct! from o.ach 5 lb. of soybeans. The first and 
second grades of s.aucc.s may be mixctl and caramel may be added, if 
dc.sirctl, to produce a darker color and to incrf.asc the viscosity. 

Tamari j.s a sauce prepared from soybeans, often with the addition 
of other materials such as rice. TIic flavor of (nman sauce differs Uem 
that of soyii .‘■auce. This tlilTcrcnce in flavor is due to theuseof 
this mold being the dominant microorganism in this process c 
fcrnientation periot] is shorter than that of thosoya'S.'juccfenntntatioa^ 

Mtgo is the name given to protiuct*! prepared from cooked sqj 
to which an A«;jcrpri/u« starter and salt Iiavc been added ana npeem^ 
permitted. TJjcrcarescveraJ different types of muo Thecowentra 50 
of the salt used, thcfl.avoringin tJicingrctlicntsemploycd, and! cac m ^ 
of tlic mold affect the type of final product. Mfso used especially 


breakfast food for children.* ,, -..mos 

The Uses of Mold Enzymes.— Four principal types of 
may be used industrially: amyJascs (diastases), invertase, ' V ^, 3 , 
poctinase.’ Amylases, of which there are at least wo ^hich 

amylase (dextrinogenic) and beta-amylase (s.accharOgenic;, . _ 

may be prcKluccd from either molds or bacteria, are 
ration of sizes and adhesives, in the dcsizing of texti es, 0 


• Ramsbottom, J , Bnl. Assoe. Adraneetsent Sci , Congre« 

MVawM^N*. J X. Abstracts of Communications, Third Invcma 

of Jficrobiologj', New York, p 335, Sept. 2''9. 
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starch from apple pomace in the manufacture of pectin, in the pharma- 
ceutical trade, and for other purposes. In each of these cases the action 
of the amylases is initially upon starch, and, after the desired conversion 
of this substance has taken place, the enzyxnes may be destroyed by the 
application of heat 

Invertase, which may be produced frorP yeasts or molds, is used in 
the confectionery industry for the making of soft centers in chocolate- 
coated candies, for this enzyme converts sucrose to a mixture of glucose 
and fructose This enzyme may also be used in the making of non- 
crystallizable sirups from sucrose, by a partJal hydrolysis of this sugar. 

Proteases, ^vhlch may be obtained from A. Jiavus, or from bacteria, 
are used also for several purposes. They mAJ' be used in the degumming 
of silk goods, in the unhainngand bating of hides, in the manufacture of 
liquid glue, as a substitute for or combined \''ith soap in the laundry busi- 
ness, and as an agent in the ripening of cheese. In the preparation of 
liquid glue, proteases partially hydrolyze the glue. Proteases ore said 
to be the best agent used for this purpose in the preparation of liquid 
glue,‘ as controlled operations may thus be carried out. Proteases may 
also bo used m making chillproof beer 

The term “proteases," as used, refers to a mixture of proteolytic 
enzymes, which may include true proteinase^, and peptidases or ereptases 
(polypeptidases, dipeptida.<es).^ 

Pectinaso,' usually from pcnicilba,* may be used to aid in the clarifi- 
cation of fruit juices. Enzymes that hydrolyze pectin arc also important 
in retting processes, as m the manufacture of linen from 

An enzyme “kinase" was found by Kunitz,* vhich had the ability to 
convert trypsinogen to trypsin in an acid medium. This enzyme vas 
produced by a species of PcntciUtum. 

Iletereaces on Mold Eozjino Preparations, Mold Products, 
and Uses of Mold Enzymes 

BouRQCtc.NOJi, X I’nzymcs Preparation and App/«<^af>on, 7’»6io, 16: 13, S5 (1937) 
Ciitncir, .M B • Soy and Belated Fermentations, V-S Dept. Agr , Hull. 1152, 1923 
Har^da, T • Preparation of Asperptllue oryzae EnsJ’njcs, Jnd Eng Chent , 23: 1424 
(1931) 

Ktii.vFR, 0, Y Moni, and M. Xagaoka: Rw.irehcs on the Manufacture, Com- 
position and Properties of ‘'Koji,” Zti/ff Coll AlP- D"P Untv Tokyo, 6'.^ (IBS8) 
Kit^.so, T Taka-nm>lasc: Punfieation and Actintl, /our. Soc. Chem. Ind. [Japan), 
40; 37“13B (1937). 

Ki viTZ, M , Formation of Trypsin from Trjpsinogon hy An rnr>me Produced by a 
Mold of the Genus PenxcilUum, Jour. Gtn, PhyetoL, 21 : 601 (193S) 

'Ibid 

’ Wallerstein’, L , Ind. Eng. CAem , 81; 1218 (1939) 

* IvvMTt, M , Jour. Gen. PJiyztol., 21; COl (193?) 



INDVSTRtAl ^^lC^OBIOlOGY 


()74 

NisuiMuiiA, S : Zur Kcnntnis drr Takadiastasc, Chem. Ztlle Gewebe, 12 : 202 (1923) 

^ Technologic dcr rcmientc,” Georg Thieme Verlag, Lpipjig, 

OsniMA, K., niid M. n. Cnoncii: IndtistriAl Mold Enrymes, Jour. Ind Eno Chem 

15 : 07 (1023). 

IlAM'5noTTO>r, J • TIic Uses of Fungi, Pni Aaioe. Adwncemenl Sci Annual Enl 
I93G ’ 

S>nTn, II. F., and W L Onot.i>: *' Industrial Microbiology,” The & T^Tlkun 

Company, Ualtimore, 1930. 

Takamink, J,. Enzymes of AapergtUia oryzoe and the Application of Its Amyloclastic 
Enzyme to the Fermentation Industry, Jour. Ind. Eng Chem, 6: 824 (1914); 
Chnn AWs. 109: 215 {191 J). 

Takamine, j , Jii., and K. Ohiuma: The Properties of a Specially Prepared Enzjmif 
UKfraet, I’oli'zime, Comp-aring Its Starch Uitpiefying Power with Afa(t Diastase, 
Jour. dm. Chem. Soc., 42: 12fil (1920). 

Tjmysk.v, a. G , am! L IX OA».i.oMMr‘ “MicroMologj'of Starch and Swgars,'' Odord 
University Press. New York, 1930 

Thom, C , and ,M 11. CnuRCH. “The Aspcrgilh,” The Williams & W'llkins Company, 
Ilaltimoro, 1920 

UNDKitKort-Eii, L A , E. I. Fulmbu, and L. Scuozse: Saccharifiesfion of Stareliy 
Grain .Maslics for the Alcoholic Fermentation Industry, Ind Eng. Chem., 31: 
734 (1939) 

U'AK8^^AN, S. .V , and W’ C Davisov: "Enzymes," The WilhamsdbD'iikinsCompsny, 
Ilaltimorc, 102G 

W\w.nnsTEiv, L . Enzyme Preparations from Mkroorganisms. Commercial P»* 
diiction and Industrial Application, Ind Eng. Chern , 31: 1218 (1039). 
WiLUAiiAN, J. J : Industrial Use of Microbial Enzymes, Abstracts of Commum- 
cations, Third International Congress for Microbiology, Kew York, p 3 , 
Sept 2-9, 1939. 


Some Patents 

DlOede, V. G ' Process of Manufacturing Vegetable Glue, U S. Patents 1,257,307, 
Feb. 26, 1918, <!l: 1,273,571, July 23, 1918 
Boidin, A, and J Ekfroxt. Process for Treating Amylaceous Substances, 
Patent 1,227,374, May 22, 1917 . . u 

and Process of Manufacturing Dmstoso and Toxins y 

Ferraenta, U S Patent 1,227,525, May 22, 1917. « I/S 

and : Method of Pmducing Bacteria) Enzyme Pieparati n , 

Patent 1,744,742, Jan 28, 1930 ,nM 

Douolas, R Process of Preparing Pectin, U.S latent 1,85^ . ^ • 

FnXNKEL, S : Manufacture of Iliastasc, U S. Patent 1,129,3 , c - , 5,3ft 

Paine. II S., and J. Hamilton: Process for Preparing Fondant or Chocoist 

Cream Centers, US Patent 1,437,816, Dec. 5, ttc patent 

Taka MINE, J : Preparing and Making Fermented Alcoho ic q , 

525,819, Sept 11, 2894 ,, 1C04 

: Preparing and Making Taka-Koji, U S latent 6 , . 

; Preparing and ^tnllng Moto, U S. sS 822,’Sepi. li, 189* 

: Preparing and Making Taka-Moj’ashi, U B. P ■ g jj 

: Process of Making Diastatie Enzyme, U S Patent 525.823, Sept. 
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. Taka-Koji Ferment and Process of Making the Same, U S Patent 525,824 

Sept. II, 1894. 

: Means for and Method of Converting Starch Material into Sugar, US 

Patent 525,971, Sept. 11, 1894. 

; Process of Converting Starchy Material into Sugar, U.5 Patent 662,103, 

June 16, 1896. 

: Enzym, U S. Patent 991,560, May 9, 1911 

; Amjlolytic En« 3 'm, U S Patent 991,561, Ma 3 ’ 9, 1911 

: Process for Producing I>Jastatic Product, U S Patent 1,054,324, Feh. 25, 

1913 

; Diastatic Product, U S Patent, 1,054,626, Feb 25, 1913 

' ' • • Diastatic Product and the Process for Producing the Same, U S Patent 

1,148,938, Aug 3. 1915 

: Process for Producing Diastatic Product, U S Patent 1,203,817, Apr. 23, 1918 

and J Takamine, Jb : Enzymic Substance and Process of Making the Same, 

U.S Patents 1,391,219, Sopt 20, 1921, and 1,460,736, July 3, 1923 
Waluerstein. L : Beer and 5Iethod of I^panng Same, U.S Patent 995,820, June 
20, 1911 

— — ; Preparation for Uso m Brewing, U.S Patent 995,823, June 20, 1911 

Method of Treating Beer or Ale, U.S. Patents 995,824, 995,820, June 20, 1911. 

— ; Method of Treating Beer or Ale, V S Patent 997,873, July II, 1911 

Invcrtase Preparation and Method of Making the Same, US Patents 

1,919,676, 1,919,070. July 25, 1933 

ftncees of ^fatu^i^g and Ripening Beers and Ales, U S Patent 2,077,440, 

Apr 20. 1937 

Process of Chillproofing and Stabilizing Beers and Ales, 1. & Patents 2,077,- 

447,2,077,448, Apr 20. 1937 

iVocess of Chillproofing and Stabilizing Malt Be\er.ages, U 8 Patent 2,077,- 

449, Apr 20, 1937 

. Rubber. U 8 Patent 2,097.481, Nov 2. 1937 

. Dcprotcinization of Bubher Intcz, U S Patent 2,110,0.89, .Mav 3, 1938 

U'ALnnnsTEiN, M Process of Making Chocolate Sirup, U.S Patents 1,851,353, 
1,854,355, Apr 19, 1932. 



CHAPTER XXXIV 

THE PRODUCTION OF FAT BY MOLDS 


Historical.— In 190G, Broivno* reported the results of some analyses 
made on the dried mj'colium of a species of Ciiromyccs (Penictllium) that 
had grown as a scum on tl»o surface of tanks of leftover molasses in a hot 
room of a sugar factor}’. Tlic mycelium contained 27.50 per cent of fat, 
which in several physical and chemical ways resembled butterfat, for 
example, in respect to the saponification number, the Reichert-Mcissl 
number, the melting point, and the iodine number. The fat differed, 
however, from butterfat in other respects, for c.>:amplc, in the acid nuo- 
ber, and the mean molecular weight of the soluble and the mean molec- 
ular weight of the insoluble acids. The fat contained a preponderance 
of caproic (CHj (CH7)i COOH) and capiylic (CHafCH*)! COOH) 
acids. 

Oleic, palmitic, and two unidentified acids were detected by Sullivan 
in the alcoholic soda extract of the dried mycelium of Penxctlhum glaucum, 
that had been grown on Raulin's medium. 

Bclin* (1920) mentioned fat production by the genus Aspergillus. 

Rockwell and O’Flaherty* (1931), during a study of the physiology of 
some of the common molds, anaIy^cd the mycelia of some of them. T ty 
discovered 0.5S per cent of fat (by ether extraction) in the moist m) ce lura 
of Aspergillus niger. • -v «• 

Barber* investigated fat production by a green species of fu 
The species appeared to grow equally well on nutrient solutions o suer - 
glucose, or xylose, but not as well on glycerol. In each case, t c . 
or mixture of fats was apparently produced The ether ? noleic 

mycelia contained palmitic, stearic, oleic, alpha-linolcic, an e a 


* Browne, C A., Jn., Jow. Am. Chem. Soc., 28: 4G5 (1906). 

* Sullivan, M X , Saew, 38; 678 (1913). 

'Belin, P., BhU. soe. chim bid . B: 1081 (I92G). ^ 26: 

« Rockwell. G. E., and F. O'Flahbrtt. Jour. Am UMer Chm a 

216(1931). AH. onOT (1927); Biocfiem.Jour> 

‘Barber, H., Jour Soe. Chem. Ind. (Trans), 46; 2001 {19^0, 

33; 1158 (1929). 
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acids, free and as glycerides. Sterols were also found. A yield of 14 per 
cent fat was obtained from the dried mycelium of the mold when grown 
on a 5 per cent sucrose solution. 

The energy relations involved during the production of fat from sugar 
by A. nigcr were studied by Tenroine and Bonnet' (1927). 

The relation of the temperature at which the molds were groivn to the 
degree of unsaturation of the fatty acids produced was studied by Pearson 
and Raper.^ Using the iodine number as a measure of the degree of 
unsaturation, they showed that both A. niger and Rhizopus nigricans 
produced more unsaturated acids at low temperatures than at higher 
temperatures 

Pontillon* studied the effect of the constituents of the medium, inor- 
ganic and organic, on the quality and quantity of fat produced hy A. niger 

THE NATURE OF THE FATS PRODUCED BY MOLDS 

Lipids of Penicillium javanicum van Beijma. — The mold was culti- 
vated on a 20 per cent nutrient glucose solution at 30®C , and the dried 
mycelium was extracted with a redistilled petroleum ether, yielding 11 per 
cent of oil * Physical and chemical characteristics of the oil are sho\in 
in the accompanying table. 


Table 137 — PnYSicAt, and Chemical CiiAiiActEBisTics or On. from P jaoameum' 


Solidification point, *C. 

^^eltlnf; point, ‘C about 15 

Specific gravity (25* /25*) 0 0145 

Refractive index (26*) 1 4680 

Acid value 10 C 

Saponification value 1*^1 

Iodine value (Hanus) 84 0 

Reichert-Meis'l value 0 3 

Acetyl value 10 7 

Unsaponifiablo matter, per cent 2 00 

Saturated acids (corrected), per cent 30 8 

Unsaturated acids (corrected), per cent 30 8 

Melting points of mixed saturated acids, ®C 52 5 

Mean molecular weight of saturated acids 272 


■ Ward. Q E . md G S JauuoW. Jtur Cktm S«c , (1930 


* Terboine, E. F., and R Bonnet, BuW *oc cAim Inol , 9: 58S (1927). 
‘Pear'iov, L. K , and H S RarEB, Biochem /our., 21: 875 (1927) 

> PONTILLON, C , g*n. bofun., 44:465, 626 (1932), 46: 20 (1933). 

* WAno, G. r., and G S. Jamieson, Jour. Am Chem. Soc., 66: 973 (1931). 
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Analyses of the unsatumted and saturated fractions follou” 


Table 138. — An'altms op Uksaturated Fraction' 



In unsaturated i 

1 In oil 


fractioa, per 
cent 

Acid, per 
cent 

Glyceride, 
per cent 



31.7 , 

29.1 1 

33 2 
30.5 

Linoleic acid i 

47.9 i 

Total j 


60 8 j 

63.7 


* WjtMD, O. n., and O. 6. jAwtcaOM, J^r. Am. CAm. Sot , tS ; 973 (1930. 


Table 139 — Analysis op the Saturated Fhactioy 


la saturated 
/ruction, per 
cent 


Acid, per 

cent 


Glycende, 
per cent 


Palmitie acid 
Stearic acid 
Totracosanic acid 
Total . . 


21.4 

8.6 

O.S 


22 4 
9.0 
0 6 


S2.2 


Lipids of Aspergillus sydowi. — Tiic alcohol-ether e.xtract of the dried 
mycelium of A. sydoxoi contained oleic, linoleic, palmitic, stearic, an 
ri-tetracosanic acids; glycerol; and sterols as shown in t e o crv\ 
table; 

Table 140 —Compositio.v of the Simple Lipids op A. «ydema«- 

Fatty acids . 46 

Volatile acids (calculated as butyric). 

Saturated acids. 

Palmitic 
Stearic 

A^-Tctracosanic 
Unsaturated acids 
Oleic.. 

Linoleic 
Higher acids 
Unsaponifiable . 

Total sterols* 


Glycerol . 

« StsOnQ, F. and W. H PeTEIWOW. J«ur Am CAen 

* Figurea indicate percentage of the original lipida 

• Baaed on the colorimetric sterol determination. 


22 6 
8 8 
n.o 

0 9 
52 9 
29 6 
16 3 

1 7 
8 18 
5 36 
4 2 

Sot.. 8#:952 (193-0. 









THE PRQDVCTION OF FAT BY MOLDS 


C79 


Lipids of PenicilUum aurantio-brunneum.' — The mold was grown 
on a glucose-inorganic salt solution in the manner described by Peterson 


Table 141. — ApPBoxjitATE Compositiom op the Simple Lipids 


Total fatty acids 
Oleic' 

Linolcic* 

Palmitic* 

Steanc* 

Unsaponifiable 

Ergosterol 

Glycerol 


Per Cent 
85.4 
40 2 
31 2 
8 6 
5 3 
4 5 
1 9 
. 3 1 


I Calculated from the weight and iodine number ot tbe Unaaturated aeida 
* Calculated from the weight and neutral equivalent of the crude saturated acids. 


and his associates. The mj’celial mats* were steamed to destroy the 
mold, dried at 05*C., ground finely, and extracted with a 1:1 mixture of 
alcohol and ether. The dried mycelium yielded 11.0 per cent crude lipids. 

Table 141 shows the approximate composition of the simple hplds, 
which were mainly the glycerides of palmitic, stearic, oleic, and linoleic 
acids. 

The Lipid Content of Molds.— The lipid content of different molds 
vanes considerably. On the basis of the dry weight, the miTelium may 
contain as much as 41.5* or as little as 1 per cent of lipid lilold spores 
have b^en reported to contain from I to 14 per cent of lipid.* 

Pruess, Eichinger, and Peterson cultivated 24 molds on 2 different 
types of media: (1) a glucose-inorganic salts medium containing calcium 
carbonate in excess and (2) a glucose-malt-sprouts medium Results 
of the analyses of the dried mycelia of the molds are shown in Table 142. 
The lipid content of the mycelia varied from 1 1 to 19 9 per cent, with an 
average of G.O per cent, when the molds were grown on the glucose-inor- 
ganic salts {sjTitheticl medium; and from 1 5 to 21 4 per cent, with an 
average of 8 8 per cent, when the molds were grown on the glucose-malt- 
Fprouts (organic) medium. The average lipid content of ail the molds 
was over 40 per cent greater when grown on the organic medium than 
when grown on the synthetic medium. However, some molds, for 

' KnoEKEn, L H , F M Strono, and tV II Peterson, Jour. 4m. Chrtn. Soc., 
67; 364 (1035) 

* Peterson, W H , L M Pnurss, H. J Gor^h, ami II C. Grefvf., ItuI. Enff 
Chrm , 26- 213 (1933) 

‘Ward, G K,L B liOCKwooo, O. K Mat, and H T IIfrhick, /» i4 Enp Ckem , 
27:318 (1935). 

•PniF.'.i, L M,r> C LirmNOFR, and \V 11 Pf.ti.r'.on, Cvn/r Ball I'aronUnk^ 
\bt 11.80:370 (1034) 



Table 142 —Composition of Certain Molds' 
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etaraple, Aspergillus ntdulans 1 and Paectlomyccs variola I, yielded more 
lipid on the latter medium than on the former medium. 

Ward and his associates c-xtracted the crude fat from 61 different 
molds, 39 penicillia and 22 aspergilli, using ethyl ether. Of these molds, 
10 contained more than 15 per cent, but only C more than 20 per cent of 
crude fat, as indicated in Table 143. 

Table 143 — Some Molds Contaivinc More Thav 15 Per Ce.n-tof Crude Fat' 

Crude Fat m Dried Mj-cclium. 


Mold Per Cent 

Penicilliutn bialou.itztn»e 17 0 

P ntrinum Thom 18 1 

P hirtutum Dierckx 18 4 

P. toppi Zal 20 2 

P javanieum van BcTjma 22 2 

P. renjueforti Thom 22 9 

P oxalicum Currie and Thom 24 4 

P piiearum Westlmg 20-25 

P flivoeinenum Diourge 28 6 

d«prrgi//i/«.ffaix/s Thom and Church 16 0 

> Wasd, Loeawooo. Mat. «ad UeiuucK. l«< 


FACTORS AFFECTING THE UPIP CONTENT OP MOLDS 
Sufficient data have already been presented to indicate the importance 
of the species of mold m respect to the lipid content. Cultural con- 
ditions are likewise important' the concentration of the sugar, the kind 
and quantity of nitrogen-containing substance, the presence of small 
quantities of materials that stimulate fatproduction, thepH. the tempera- 
ture, and the incubation pencil Tlic effect of cultural conditions on 
two molds Penicjllium javantcum van Beijma and Aspergillus fischen arc 
discussed in the succeeding paragraphs. 

Fat Production by Penicillium javanicum van Beijma.' — This mold 
uas selectcil for studj- since it produced the heaviest mat.s, yielding a 
considerable amount of Iipid The moW was dosenber/ by Beijma.* 

The mold uns cultivated in 200-cc. Pyrex Erlcnmeyer flasks, into 
each of which were placed 75 cc of the following medium. 

Crams per Liter 


Glucose 200 

NII.NO, 2 25 

KIIjPO, 0 3 

MrSO. 711,0 0 25 


' lorKwooR, L. n , G L IVard, O. D ^^AT, ir T IIerricx, and II. T. CXeili., 
Cfnlr linkt I’nr'xntrnk , \ht 11,90:411 (1931) 

’Ulijma Tiioe Kino«a, F IF 'an, Ytrhaniltt .\kad ^\'tlrntfk AmUerri/jm, 
Afderl .\<jlurkund,-.2S: (4) IG (1929) 
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A cliemicalJy pure glucose (anhydrous) was used tlte effect of 
the ions of various salts was ascertained, othenvise a commercial grade of 
glucose containing 91,5 per cent of pure glucose, 8 per cent water, and 
0.4 per cent dextrin was used. 

^The pH of the medium was 4 to 5; the temperature of incubation, 
SO^C. ; and the period of incubation 12 days. 

In the following table is showm the effect of varying the glucose 
concentration: 

Tablc 144. — The Effect, on Fat PfiODtfcno.v, of VASyiyo the Glucose 

CONrE-VTnATTON’ 



t Lockwood, L. B . 0. E. Wabp. O. E. Mat. H. T. lljitsjcx. and H. T O’Netti, Cenfr. Sah 
Par>uU4tk.. Abe. If. 90: 411 (1930 


The greatest mat weight occurred when the glucose concentration 
was 20 per cent; the greatest titrable acidity at 30 per cent; and the 
greatest percentage of fat at 40 per cent. 

Xylose, galactose, maltose, sucrose, glycerol, starch, and de.’ttrm 
yield lipids, xylose being a particularly good source of carbon. 

P. javanicum utilized sodium, potassium, magnesium, or calcium 
nitrates; sodium nitrite; ammonium chloride or ammonium sulphate as 
sources of nitrogen, but ammonium nitrate was the best source. 
Ammonium chloride and ammonium sulphate caused the pi to mp 


too low. , , . 

The growth and metabolism of P. jtttanicmn were j 

presence of 2.25 to 3.375 g of NHaNO,, 0.3 to 1.2 g. of KHdU., aa 
about 0.25 g. of MgSO, THjO per liter of medium, 

Chromic, columbic, ferric, molybdic, and tungstic ions . 

mycelial growth, fat and citric acid formation, and g uc^e con 

The pH range of 3 1 to 6,8 rvas favorable, the final pH of the moda,a> 

being about 2.5 in each ease. tn inhibit 

Increasing the air pressure irithin the culture flas 

the metabolism of P javanicum. ,ip,.rea^ed the efbeiency 

Decreasing the ratio of surface area to volume decreased 

of the conversion of glucose to lipids m a large-srate 

The production of fat from glucose by r. 3 
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Jaborator}'- apparatus is dcscnhwl by Ward, lockwod, May, and Herrick 
in a later report.^ 

The composition of two media used for growing molds for lipid 
production, known as “G solution" and “M solution,” of which M 
solution gave the more consistent results, follows.’ 


Table 145 — Sowe Media Used fob Gnon'i.vo Molds for Lipid Pbodlctiov 


G solution 


M solution 

SubsUince 

Grams 
per liter 

Substance 

j Grams 
j per liter 

Commercial kIucobc 

220 

Commercial rIucosc 

220 

NH,NO, 1 

4 50 

NH.NO, 

1 2 25 

KCl : 

0 40 

KH»PO. 

1 0 3 

IbPO, j 

0 216 

MgSO. 711,0 . . . 1 

0.25 

MgSO, 711,0 

2 00 




Fat Production by Aspergillus fischeri. — Prill, Wcnck, and Peterson 
have studied the cfi’cct of various factors, such as glucose concentration, 
ammonium nitrate concentration, acidity, alkalinity, temperature, 
aeration, and incubation period, on fat production by A.fscheri.^ 

The mold uas cuUurc<l at 30*C in 500-cc. Pyrev Erlcnmei'cr flanks, 
each of \\hich contained 100 cc of the following solution, except uhero 
the nature of the experiment required other«i.«!c 


Grams 

Conimfrcjal glucose (ccrclosc) 20 

Nil, NO, I 00 

KHjPO. 0 6S 

MgSO« 711,0 0 50 

FcCT, 071,0 0 OIC 

ZnSO, 711,0 n 005 


Distilled walrr, to make 100 Oee 
CflCO, 

The mold gronth was destroywl at the end of the incubation period 
by autoclaving it at I20®C for 10 min. Mycelial mats were then washed 
with water, driwi for 2 days at 37*C., ground, and extracted with hot 
absolute alcohol for 12 hr. or more. 

A high fat content* in the mycelium was favored by a high concen- 
tration of glucose, a low conccntmljon of ammonium nitrate (NHiXO,), 

’ Ward, Lockwood, Mat, and IIebbicx, /«r. al 

’Pniu.,}: \,P n. Wencr, and W. ir I»eTnt«ov. 29:2J 

• Ibiri 





G84 


industrial microbiology 


and a neutral or slightly alkaline aolulion. (Compare with fat nroduclioa 
by Endomyces vcrnalis.) For further details consult the paper bv Prill 
Wenck, and Peterson.* ' 


Re/ereoces on Productloa of Fat by Molds 
I3Annrai, II. II.,- The Proiluclion of Fat by a Species MPnidlliutn Groim ia Sucrose 
SoJution, Jour. Soc. Chem. Ind. (Trans.) 46:200T (1927). 

; IVodiiction of I'ftt from Carbofaydratos and Similar Media by a Species of 

Pcniciiiium, Biochtm. JouT.^ 33: 1158 0929). 

JIeijma TiroE Ivj.vowa, f'. If. van; Mykologisehc Unfcr8uchtmgcn*/’«nic?Wym javam- 
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CHAPTER XXXV 

SOME MINOR CHEMICAL ACTIVITIES OP THE LOWER FDNGI 

One of the moat interesting aspects of mjcrobjolog}' is the biochemist^' 
of molds. Because of their ubiquity and the mischief these organisms, 
onco regarded as biological outcasts, can do in many branches of indus- 
try, their study has distinct economic importance. This study of the 
iou’^er fungi has advanced rapidly since about 1922. The outstanding 
work of Prof. Raistrick and his associates is mentioned in particular, 
because of the new and careful methods of investigation they have 
devised, A large number of papers, many of which are cited at the end 
of this chapter, have been published on various aspects of this organized 
lescarch. 

A study of Tabic 120 (page 563) will give the reader some idea as to the 
diversified metabolic products formed by the lower fungi Methods for 
production of some of the most important substances mentioned in this 
table have been discussed in some detail in the preceding chapters. The 
scope of this text docs not permit extended consideration of others, but 
the interested reader Avill find excellent reviews of papers by Blrkinshaw, ‘ 
Clutterbuck,* Iwanoff and Zwetkoff,* Lockwood and Moyer,* Raistrick,* 
Tatum,* Porter,^ Gould,* and others. Likewise at the end of this chapter 
there will be found a large number of references to the literature. 

ACIDS 

A large number of organic acids are produced by molds although at 
the present time only a few of them ate of commercial importance. 
These have already been discussed. Brief mention will now be ma e o 
some other organic acids that are metabolic products of molds. 


> Bzbkinsiiaw, J. H,, JtfP., 12: 367-391 (1937) 

* Clutterbuck, P. W , Jour Soc. Ckem. Ind , 66: 55T*6lT (‘S '- 
^ .. Biocftem. 6: 586-612 (IW''/- 

, f„.4:H0-16iaWS). 

^ (1932), 7: 316-319 (I93S). 


• TAXujf, B. L., Ann Bcv. Biochm., IS: 09W. ^ 

zPoRTEB, J. R, “Bacterial Chemistiy and Physiolog)’, 

A^ew York, 1916. - o Pp^rarch Foundation, 

* Gould, B. S , ScienUfie Report, Series No. 7, Suga 
New york, June, 1947. 
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Table 14G — Some Acids Formed by Molds 


Acid 

Formula 

Produced by 

Aconitic'**** 

(C«HeO,) 

CH, COOH 
tcOOH 
&1 COOH 

Atpergillut 

itaconxeus 

Byssochlaimc'*’* 

(ChH,oO.) 


Butsochlnmyt 

fitlva 

Carhc 

(anhydrous)'** 

(C,«H,t,0,) 

r o - - ^ 

0 C CH CO CII, CH, 

oi in io 

\ / \ / 

CH, 0 1 

Pentcxlhum 
char]eBti 0 

Smith 

Carlosic'** *•' 
(C.oHnO.) 

HOC=rC CO CH, cn, CII, 1 
HOOC H,c iii io 

V 

P. cAor(r»ii 

0 Smith 

Carohc 

(anhydrous)'** “* 
(C.IIioO,) 

I — ° 1 

6=-^C CO CH, CII, CII, 

H.c ill io 

P charltsii 

G. Smith 

C'arotimc'** *” 
(O.H.oO, H,0) 

HOC-=^C CO CH, CII, COOH 

H,c in io 
\ / 

0 

P cAnr/riii 

G Smith 

Citric 

(C.H.O,) 

CH, COOH 

i(OH)COOH i 

ill, COOH J 

A niyrr, etc 

SfH* (’Imp XXV 

3 r>-!)iliNdroxy. 
jihlhnhc ncid'*” 

COOH ' 

j^\'OOH 

1 

Some s|x‘Ci 08 and 
slrnum of the /' 
brmwom/xirh/m 
series 

I)im<ih>l 1 

CH, 

\ 1 

CH,— CCOCOOII ' 

n 

A ntif'r 
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Table I^G.—Some Aciqh Formed by XfoM><,.--{Con(muf£0 


Acid 

Formula 

Produced by 

Ethylene oxide a, 
0 dienrboxylic 
(C.HiO.) 

Hobc-CJI 

l> 

HC-COOII 

Monthn formosa 
f*. virnferum 

Fofwic 

(cn,Q,) 

II coon 

A. orytat 

Fwlvic'*** 

(C.JfnO,) 


P. ^Tmo~Sulmn 
Dicrckx 

P. flesvosum Dale 
P, brefeldtanum 
Dodge 

Fumnne 

(CAI,0,) 

CH coon 
i';)! rooii 

Species ol tbe gen- 
era Rhtzopns, 
etf. 

Gallic t3'4-5-tri- 
lyiUM>jbcnto\c) 

1 

coon 

; 

A. nim 

See Chap XXVIII 

Genttsw**” (2‘5-(li' 
hyvirotybcn^ojc) 

{C?H»0») 

coou 

■■O’" 

P. griiofulimm 
Dicrckx 

Glaucsc‘”’ 

(C„H„0,) 


A ylauevi 

Glauconic‘”5 

I (CuH«0,) 
n (Ci,H„OA 


Some green /««- 
iciWum species 

d-Gluconic 

COOK !j 

iiion 

Hoin 

JlioH 

H^OH 

in, OH , - 

A. niyfr 

P ckrusogenw^- etc. 
SeeCIiapterXA'i 

Glucuronic'**^ 

CHO 



ioDH 
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% A 

!<#• •'* 



tvJI 

„ . 

1 

)l<t k )t«> 

"ir 





I-,,.... t’*- 

f jt 

1 * >!<*• 


1 .»! 

( ik'iti 





' 1.' *<'•<»/ 



< tl.n. 


}*'* .» 



/• 

*• '•' k1 fc*-l 


f 



f It < 1 <> 




f' Ki/,'.'.** 71"*^ 






( It (iktOl 

Sl'n'tr* tf U*' f«*i» 

» .tt.*' 


rfl f 


i U.'»-OI 

f Hkl'MM, 

eff 


o 


< J( 


« f /• Irt. 


< - ' < oit H,i ». riJ f ,jj. 

II, « « It 

ftrttn trtir^ 


• •«! tm f 

n,< < ir it» 

,tu 


Surniiir nn.} i<i pfttlurr'l hj ^rirral f-jvfJfM of Muror, {a n wfiltr 
f{KVi<^ of Arprrffil.'tit, |i» .! Urifut. /Vninffjun flurrtflfio^irrn*. bikI 
f'vninffo tfi'/nni, nml li.> olhrr nio!<N Surrioir nri<l may oriRmafo from 
Of jl jirotrin" f>f froro ilir of carl»ol»yi!mto^ It* r\ftr( oricin 

1' {lol rntjff !> rlo.ir 
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TaPLK 147 . — So«K iroU> I’JOME.VTS 
T’ m 1 pri — r-r-r r - s 




vygi.'*"’ 

Auroftmrin (orange- 
ye^o^\ ) 

(CjjFIjoOij) 


Fvsarium culmorum^*‘> 
(^V. G. Smith) Sacc. 

Aiiroclnijcin (orarpo) i 


Species of Aspergillus 
glaucus scrics'^''^ 

Beta-earotcnc (yellow) • 

1 . . 

Afucor At’emaltV*’^ 
Phyeomyces blaleseeanus 

llolctol (hltlc) 1 

(CuUiOi) J 

coon 

0 oir 

coa™' 

1 & in 

Boletus luridus^**^ 

B. satanas 

B. strobilaeeus 

Can’iolacin 

(CnHi.Ot) 

I 

P. carniinO’ 
rtolaeeum<^*'^ 

Catenarin (;S-rti)'<lroxy- 
metliyl )♦! ; 5 ; S-t nny- 
drojcynntliraquinonci i 
(ftNl) 

(CifHtoOi) 

q 

Helminthosporiim 
eatenarium^’^ Drechsler 
II. gramintum 

liabenhorst 

II. fnfjci-nt/;aH« 
Xisikodo 
//. t'^fwfinum 

Chrysogenin (yellow) 
(C„H„0*) , 


Penietlhum 

\ chrysogenum' * _ 

Citrinin (yellow) 

(CuHhO.) 

0 C— C,H. 

\oir 

A 

c-coon 
luch “'o 

ii 

P. cilriMn Thom"" 

A. terreus 

Citromycctin Cycllow) 
(Ci,11«o07-2II,0) j 

1 

COOH 
h CO 

HOC C C ^ „ „ 

A / 

Species of titro'uy-^ 

C slaher 

C. pfejjenanus 

1 

CH ^ — ; — 


Number* in parentheses refer tff 
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Tadle 147. — Some Mold riouEvrs. — WonUnued) 


rigmcnt 

1 

Stniclunil formula 

nfoduecd by 

CynoJontin (proli.'ibly 
I:4t5:8-t<'trflhytfroj:y*2- 
mcthyl-nnthraquinono) 
(bronte) 

(Ci»H„0,) 

i on 0 on 

6Sr"" 

f k > 

OH 6 011 

II avatae 

// cyrjodontis Mangnonj 
// ewhiarrjoe 
Zimmcrmann 

J.S-DibjflroTj’-T-mrtJinry- 
2-niM)o l-'Vnnl brnnnj 

on OH 

“XOj"' 

( on II on 

' A p/iTHrM*'**' 

1 

4,J>.Diby<!fo»y.7-mcthoxj • 
Z-mctb yl- 10-anthranol 

II 

j cn.fi.- : 

1 A flavru»'*» 

nrythroglauoin <<bTrk rr<0 

i A ruiifr'«*« 

Sprrips o! A glaucu^ 
►ones 

Flavogfaiiein (lemon-\r5- 
Joa) 

fipprirg oJ A fittuciis 

r Bhic add ('yeHon ) 
(C,aiM 


P bTeftldftjnum'"’ 

Dodge 

P flexuosnm Dale 
r gnseo-fuhmm Djerck* 

Kuntculosin 

(CuH.pO,) 


P Jumculotum^'’*'’ 

Heltninthosporin {2- 
niethyU:5:8.tnhy. 
droxyanthraquinonr) 
(darfc-maroon ciystals) 
(CnHisOk) 

OH O 

to" 

OH A in 

H grammcam 
Rabenhorst*’** 

11 coienarium 

Drechsler 

U cynodonUa Mangnom 

U InUcfVvlgarta 

NiSikado 
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Table 147. — Some Mole Pigments. — (Conimued) 


Pigment 

Structural formula 

Produced by 

ti^Hydroxyemodm 

I « J 

OH 0 OH 

P. cyclopium 
Westlingf'*®! 

•J P. citreo-rosevm 

Luleoleersin 

(CmH„07) 


h 

afonaseoflavm f'yc/?oK) 

(C„H„O0 


Monaieus purpuretis 
Went*”' (from old 
mycelium) 

Monaseorubrm (red) 
(C«H,40.) 


i\}onascus purpurem 
Went*”' 

Ochracin 


A, ofApflceu**”’ 

Oosporin (trurplc-brow n 
with FcCli) 

(CioHuOi) 


Qinara avraniia 
fCbokc) Sace k 

Vogl 

I’enctnnic acid ! 


P. fM>fa(um<'“’ 

Penicilhopsin 

(C.oHi^O.) 

- - 

PenictiiiepJM 

c/ot'orioyormti*”'' 

Phoenicia (red) 

! 0 0 

II J j 

H.C-/\oH HO-Z^vCH, 

If 1 i 

P. phoeniceum'-**‘''^'‘^ 

(cJd cuhuTw) 

P. 

V V 
i i 

Physcion 

CO 

1 

OH io <!« 

OH 

Xh i u 

Species of A. 
scries 

ff rat^neh I Curtis * _ 

U {urcicuM Passcnni 

Ilavenelin (S-Methyl- 
1 :4:S-trihydroxyxan- 
thone) (yellow) 
(ChHioOs) I 






I^'I>vsTmAK MiaiQuioiJoay 

T«bio m thr Mfiicturul fommtas of vcv^rfl! atWs formwl br 

niolu?, wlulc on jfwpr 503 «onic of the ackN are cnvirneratctl. 


riGMENTS 

.Spvprnl (lilTcrml typra ot calarini: matter have been iioIa(ttt tram 
mollis. Ityilrory.nnlhrmiiiiiionri arc prwiucetl by fpccics of IMmm- 
tlmporium. For e.tnmpIo, n mixlure of lic\mratlio«porm nnil catenarin 
ronstilntfsl nbont .10 per cent of the dn'eii ociilit of Ibe mycelium of 
U. prnminrum linbenborst. Ibere iK-ini; 2 to 3 p.irta of the former sub- 
efnnre to 1 part of tbc falter. Cynoilontin aiul trflisporfn arc other 
liyilriKynllthrarjuinones prisliirwf liy Fpceiea of IMmMhosporim. 
C'crtnin ilyrstnlf.s may lie maittifactiirctl from o-bydroxynntbraquinonra. 


T/ftti; I ts' — Nf4*w» l*ojTn»rrii\t\iD»i» rnooi.'rr.n rnoM Cu-cost* 


l\d.\'ArrUfvn»tt' 

1 f»f hyjtfwljsW 

iVwltttwl by 

rnf»?wbMo«» 

tJntielov. plijco***, fD.iIonir ariil, 

IVn/WJI»M« enprnii- 


and minnove 

nun 

GiUetm-amltw* 

tfd't.iHrlo*#' 

r. tfjirlftii G. ifmith 

fttyrf.em 


A white apecics ef 
AtprrfiVui 

f.ijOs*' and 

Gluco«<' and mstmic aful 

l\ lutrtim Zukal 


d*M.snn<«*e 

P. fArtrtfiu G. iimuh 

•t'lrch 

i 

Olncov' 

A./unifoiuK A- plsv 
i fttr, d. nfp-T, A. ont 
tcf, P- ^^aucum, /*, 
nriohile 

Myfinjriitni) 

' Gtumv 

.1. nigrr, P. tTpaMim 


C;ibrle«r 

rxiffAosu”* 


Otum«* 

P. iclrrotiorvm 

Vftrnnn«r 

d.<Iabrto«o. rf-Kl«c<w, and rittfrr 
d-»lc>«r or /•ntln>*e 

I\ rtinfn$ C>. Emitt 


• CtrrrtBJii-. # »■ »» J»nr .S«€ /iMf . W. »5T 


'i'liiis it is a (thin llio rc.-ifms of po-vsi!,ilily lluit molds 
ns the source of carbon, may somctinjc bo us«l commercua j i 
protiuction of dvcsltiffs. . » f 

Gould ami l?iUstrick-‘ i.«olotcHl three ci^-stjilbnc 
of the .-IspcrpillHS plflucKs series. These incUidcd nurog c , 
pigment; flavoglniicin, ti yoHow' pipnient; and *1* t' jon 4 : 5 - 

jnent. Ruljrogjflucin 1ms been shown to be ft (jf-o'^jaucin, a 

(lihydroxjw-methoxy-S-methylonthrftqumonc, ftot » 

monomethyl ctlier of a tctrahydroxymcthj'lant iraqum . 

‘ GoLLy. 1). 55 , niKl II. n.ir9Tn)CK, sst 1291 

f AsuLtr. J. N' . II. lUismtcn, and T 
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Kiivonclin nnd rubrofii^arin, two other pigments isolated from molds, 
are polyhydrovyxanthoncs 

Some data concerning mold pigments nrc given in Table M7. 

SOME MISCELLANEOUS PRODUCTS 

* Acetaldehyde. — Using fixation methods, acetaldehyde lias been 
reoovere<l from metlia fermonte<l by species of the genera AspcrgtUus, 
.UoHifin, Mxteor, O'uhum, PcniciUntm, and other molds. 

Ethyl Acetate. — This substance is producetl by digilatum Saco, 
from glucose media. 

Ethyl Alcohol. — Although eth}'! alcohol In small amounts is produced 
by species of several genera of mold-s, for c.xample, Aspcrfftllua, Pcnicil- 
liiini, Cla^lrrosporium, llclnxinlltoaportiim gmiciilaltim, and Mucor race- 
fnofHs, it is produced commonly by species of the genus /'t/sartaw, Yields 
of ethanol comparable to those obtnine<I from yeasts have been produced 
by F Uni Holley ‘ 

The mcchani.sm for the pro<Uiction of ethyl alcohol by fusaria has been 
BtudicxI by Anderson and his associates,* by White and Willaman;* by 
Nord;* by Gould, Tytcll, and Hughes;* by Gould and Tytell,* and by 
others The mechani.«m for the production of ethyl alcohol and carbon 
dioxide by fusaria is possibly similar to that of yeasts, according to Gould 
and Tytell, who have shown the presence of cozymasc and a carboxylase 
and cocarboxylase system similar to that in yeasts. 

Glycerol.— Glycerol has been produce<l by a «hitc species of Asper- 
gillus, by A iccnlti, by a Clastcrosporium species, by II. gcmculatum, and 
by M racemosus. 

Methylglyoxal. — Sodium hexosediphosphate has been fermented by 
A. ntger with the production of methylglyoxal (Suthers and Walker, 
1932). 

Chlorine-containing Compounds. — Cnlin (CijIlTOtCbtOCIIs)! and 
gcodin (Cijn«0*'dj(OCn»)j] nrc products of A. ferrews Thom. Griseo- 

> Andfrsov, a K, nnd J J Willamax, Proe, Soc Exptl tiiol Mtd , 20: 103 
(1022) 

’ PniTii^M, G n , and A K Andehsov, Jour Agr Rfttarch, 66: 937 (1937) 

• White. M G , and J J Willaman, /O ocArm your , 22: .'392 (1D28) 

‘ Norh, r F, Ergeb Eniytnforick , 8: 149-181 (1939) Abstracts of Com- 
munications, Third International Congress of Microbiology, New York, p 337, Sept 
2-9, 1939 

‘Gouid, B S.A A Tytell, and W L IIdoiies, Jn , Abstracts of Communica- 
tions, Third International Congress of Microbiology, p 51, New York, Sept 2-9, 
1939 

‘GotriD, B S.andA. A Tytelu Unpublished data 
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hilvm ICnHnO.ClJ is a neutral, dcxtroroMor}- crystalline substance 
produced by P. gnsechfiilvum Bierckx. 

Some Other MetaboUc Products.— Table 149 supplies some inferma- 
tion concerning fumjgatin, mellein, spinulosi'n, and terrem. 

MOLDS AND ARSENIC COMPOUNDS 

Forty or more years ago Uie arsenic compounds present in the pig- 
ments of some old wallpapers and in some plasters were occasionnllv the 
cause of severe poisoning and even of fatalities. A fatal case of atonic 
poisoning of this nature occurred in England as recently as I93I.‘ 

A number of theories have been proposed to e.vplain the cause of 
the poisoning. One of the earliest was that particles of the arsenic-con- 
taining pigment from the paper were inhaled. In 1839, Gmelin sug- 
gested that a volatile arsenic compound was responsible, since an odor 
of garlic was nearly always associated with the rooms nhore poisonings 
occurred. These rooms were commonly damp and moldy. Cacodyl 
oxide ((CH3)j'A5-0'As-(CHi)il was suggested by Basedow (ISIG) os being 
the substance concerned. One year later, Martin proposed that the gas 
might be arsine (AsHs). The subject was carefully studied by Go^io 
(1891). Gosio exposed to the air potato mashes that contained arsenious 
oxide. Molds produced an odor of garlic from the potato mashes One 
mold, which was named Penicillium brevicaule by Gosio, was porticularly 
active in this respect. Other molds concerned were Aspirpilhis plain's 
A. virenSf and Mucor mucedo. The gas produced by these molds from 
arsenious oxide, frequently referred to os "Gosio-gas,” was shown >.' 
Challenger and his associates* to be trimcthylorsino KCHi)j'As]. 

Thom and Baper* have shown that A. fischeri, A. Bydoxci, ant ot icr 
organisms isolated from the soil may produce I'olatile substances rnni 
arsenic compounds. 

Challenger and his associates have shown that several orgamc com 
pounds of arsenic may be formed by certain 
methyldiethylarsine is produced from diethylarsonic aci (( j » • 
AsOOHl; dimcthyl-n-propylarsinc from n-propylarsomc aciu. 
dimethylallylarsino l(CH.),As-CH.CH:CH,l from ' ' 

lCH, CH CIt,AsO(OH),] by the action of P. hrmcaxte S,icc.ird , B 

on sterile bread crumbs. , , f^ir l ... oM.tim'l 

Mi,\cd alkylmethylarsines [AsIKCII.). and As j- 
with alkyi-arsonic and dialkyl-arsonic acids (Kv » s 

- CnAi.i.«caa, F , A mr. Six. Chta. Jwl , .?<.• . P- 

* CUAH.EVOI.R, F , C. IIicci.sBOTTOW, and J* t.i.u . </ 

* Tno«, C , and K UAren, Setfnet, 76: 548 <1032 
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fulvin ICirHnO.CI] is a neutral, dextrorotatorj- crystallino sutaanco 
produced by P. grtsechfulvum Dierckx. 

Some Other Metabolic Products.— Table 149 supplies some informa- 
tion concerning fumigatin, mellein, spinulosin, and terrein. 

MOLDS AND ARSENIC COMPOUNDS 

Forty or more years ago the arsenic compounds present in the pig- 
ments of some old Avallpapers and in some plasters were occasionally the 
cause of severe poisoning and even of fatalities. A fatal case of arsenic 
poisoning of this nature occurred in England as recently as 1931.' 

A number of theories have been proposed to explain the cause of 
the poisoning. One of the earliest was that particles of the arsenic-con- 
taining pigment from the paper were inhaled. In 1839, Gmelin sug- 
gested that a volatile arsenic compound «'as responsible, since an odor 
of garlic was nearly always associated with the rooms Nvhere poisoning** 
occurred. These rooms were commoniy damp and moldy. Cacodyl 
oxide [(CH 3 ) 2 'As 0-As-CCH3)iJ was suggested by Basedow (ISlC) as being 
the substance concerned. One year later, Martin proposed that the gas 
might be arsme (AsHj). The subject was carefully studied by Gosio 
(1891). Gosio exposed to the air potato mashes that contained arsenious 
o.xide. Molds produced an odor of garlic from the potato mashes. One 
mold, which was named PenicilHum hrcvicanU by Gosio, \vfts particularlj 
active in this respect. Other molds concerned were Aspergillus ghueuf, 
A. Virens, and ^fucor mucedo. The gas produced by these molds from 
arsenious oxide, frequently referred to as “Gosio-gas/' was shomr } 
Challenger and his associates’ to be trimethylarsine {(CH*)rAs] 

Thom and Raper* have shown that A. fischen, A. sydouA, and other 
organisms isolated from the soil may produce volatile substances rnm 
arsenic compounds. . 

Challenger and his associates have showm that 
pounds of arsenic may be formed by certain molds. 
methyldiethylarsine is produced from diethylarsonic aci U > 
AsO-OHJ; dimethyl-n-propylarsine from «j.}j 

dimethylallylarsine [(CH,)jAs-CH!CH;CH>] bom “ ^ „„„ 

[CH,:CH CH!AsO(OH)sJ by the action of P. iirmcoufc Sacca , B 

on sterile bread crumbs. , . o nr I nw olilsiarJ 

Mixed alkylmethylarsines [AsKfplif! and As i i j. ,sO Oil) 
with alfcyl-arsonic and dialkyl-arsonic acids (R-As * r 

> CHitiESoea, F., Tour. Soc. Ooa. /<af , W: 

. CH.ME»oaa: F., C. IIiooisBormu. and L. Ecus, /ear. CTr». 

* Thom, C., and K Raper, Science, 76: 548 (1032). 
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from br^d inoculated with P. brfvicaulc. Dimethyl selcnide is produced 
from sodium selenate and selenite. 

For other examples of methylating action, consult the papers by 
Challenger and his coworkers. 

Qualitative Test for Arsenic. — Gosio* developed an extremely sensi- 
tive test for the detection of arsenic. The material suspected of contain- 
ing arsenic u-as extracted with water or dilute acid. The extract was 
concentrated by evaporation of some of the water. Some of the concen- 
trated extract V as then added to a slice of potato that had been previously 
sterilized and inoculated with a culture of P. brcvicaulcy and the medium 
uas incubated at 25 to 30“C. An odor of garlic would develop if a com- 
pound of arsenic was present. This test is said to be more sensitive than 
tlio Marsh tost and to be able to detect as small a quantity as 0 000,001 g. 
of arsenious oxide in 1 g. of substance. 

Retereoces on tlie Biosbemistrr of Molds 
I. SrenfEs Hr IUistbick axo His Assochtes* 


1 ItAisTRiCK, n , and \V. Rivtoce: I. Introductory, p 2. 

2. BmKi.vsuAW, J. H , and II. IUistbick: II. Quantitative Methods sad Tech- 
nique of Investigation of the Products of Metabolism of Micro-organisms, p 11 

3 , J. II. V CuAiiLEs, II. Raistwck, and J. A. R. SroTtEi III. Quantitative 

Examination by the Carbon Balance Sheet Method of the Tj'pes of Products 


formed from Glucose by Species of Aspergillus, p. 27. ^ , 

{ , ^ A C. neTjiERr.vCTOX', and II. Raistwcs: IV. Quaatitative 

Examtnatioa by the Carbon Balance Sheet .Method of the Types of 
formed from Glucose by Species of (including Citiwij/cet), an 

appendix by C Thov. p 55. t. • 

3. , . II Raistoick, and J. A. R. Stotle: V. Quantitative Exanuna- 

tion bj' the Carbon Balance Sheet Method of the Tj’pes of Products ormc 
from Glucose by Species of Fusanum, p. 93 . 

G. , , A C. ni:TiiBRi.vcTON, and H Raisttuck: VL 

Examination by the Carbon Balance Sheet Xfethod of the Types o 
formed from Glucose by Jfiscellaneous Species of Fungi, p 99. 

7. . .C.HLiLET.andlJ.RAisTBiCEiVn. On Rope Acid (a-irydn>^.' 

P-hycIroxy-mefhyl-r-pJTOQc), p 127- . . j no 

8. and II Raistrick; VIII. The Estimation of Rope .Acid. p. if • 

9 , J. H V.C).. 1 .WS,A C HETim.>.v=TO.v,.naH “ 

Production of .Mannitol from Glucose by Species of Aspergi us, „ 

10 R.is™.cK,H.,andlV.yooKo:X. TheEsH».tionol 

SoJutiOD, p. 173. _ WtT Telle"’ 

11. Hetheringtox, a. C., and H. Raistrick; XI. p. 299. 

Colouring Matter Produced from Glucose by Species o J > 

• CnALLE.vcER, F., Jour. Soc. Chem. /nd., 28: Transattim 

* The first 18 of these studies were published m ,b(, title “Studies m 

the Royal Soaely of London, Senes B, 220; . ..j, and his associates 

the Biochemistry of Micro-organisms” by PW>f. Haro 
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12 Birkinsiiaw, J. II., and II Ratstrick: XII. On a New Methoxy-dihydroxy- 

toluquinone Produced from Glucoseby Species of rcnicilJiunt of theP. spinulo- 
swnt Senes, p. 245. 

13 Raistrick, H., and M. L Rintoui.: XIII. On a New Type of Mucilaginous 

Material, Lutcic Acid, Produced from Glucose by PcniciHium lufeum Zukal, 
p 255. 

14 Hethebinqton, A. C., and 11. Raistrick: XIV. On the Production and Chem- 

ical Constitution of a New Yellow Colouring Matter, Citrinin, Produced from 
Glucose by PenieiKium citnnum Thom, p 269. 

15 Coyne, F P , H. Raistrick, and R Robinson: XV. The Molecular Structure 

of Citrinin, p. 297. 

16. Clutterbcck, P W, H Rajstrick, and M L Rintoul: XVI On the Pro- 
duction from Glucose by PentetHtum tpiculitporutn Lehman of a New Polybasic 
Fatty Acid, CiiIIjsOi (the Lactone of T-Hydroxy-^i-dicarboTy-pentadecoic 
acid), p 301. 

17 Birkinsiiaw, J II, and H Raistrick- XVII The Products of Glucose Metabo- 

lism Formed by Various Species of Fungi {Helminthosponum, Clatterosponum, 
etc), p 331. 

18 , J. H. V Charles, and H Raistrick: XVIII. Biochemical Character- 

istics of Species of Penictfltum Responsible for the Rot of Citrus Fruits, p 355 

19 Anslow, W H , and R Raistrick XIX 6-HydrOTy-2-methylbensoio Acid, 

a Product of the Metabolism of Glucose by Ptnialltum gme^fulvum Dierckx, 
BiocAem Jour , 26: 39 (1931). 

20 Coyne, F P , and H Raistrick: XX On the Production of Mannitol from 

Hexoses and Pentoses by a Rliite Species of Aspergilluz, Diochem Jour , 26: 
1513 (1931). 

21 Birkinsiiaw, J. 11 , J II V Crables, andP W Clutterbuck XXI Quanti- 

tative Examination by the Carbon Balance Sheet Method of the Type^ of 
Products Formed from Glucose by Species of Bactena, BiocAem Jour, 25; 
1522 (1931) 

22 R K Callow, and C F Fischmann: XXII The Isolation and Charac- 

terisation of Ergosterol from PemciHium pubtrulum Bamier Grown on a Syn- 
thetic Medium with Glucose as a Sole Source of Carbon, Biochem. Jour., 26: 
1977 (1931). 

23. and H. Raistrick: XXIIl Puberulic Acid CiHiOt and an Acid CsHiOj, 

New Products of the Metabolism of Glucose by PeniciHium puberulum Bainier 
and Pcnicil/ium aurantio-wrms Biourge, with an Appendir on Certain Dihy- 
droxybenzene-dicarboxylic Acids, Btorkrm Jovr , 26: 441 (1932) 

24 Clutterbcck, P. W , A E Oxforu, H Raistrick, and G Smith XXIV The 

Metabolic Products of the PemnlUum brtn-compaetum Senes, Biochem Jour., 
26: 1441 (1932). 

25 Oxford, A. E , and H. Raistrick: XXV. 3'5-Dihydroxyphthabc Acid, a New 

Product of the Metabolism of Glucose by PtnteiUium bTevt~cotnpactum Dierckx 
and Related Species, Dtochem. Jour 1902 (1932) 

26 Clutterbuck, P W , R Lovell^ and II Raistrick XXVI The Formation 

from Glucose by Members of the Penictnium ckrj/togenum Series of a Pigment, 
an Alkab Soluble Protein, and Femcillm — the Antibacterial Substance of 
Fleming, Biochem Jour., 26: 1907 (1932) 

27 Bibkinshaw, J II , and 11. Raistrick: XXVII. The Production of Luteic Acid 

from Various Sources of Carbon by PeniciUzum luteum Zukal, Biochem. Jour., 
27: 370 (1933). 



702 


IKOUSTRUL MMROBWWay 


28. C»*n>.Es J. n. V., It lUisimcK, n. nra„mo,v, and A, H. Tom: XXVIII. 

IWm.nthraporm md Ilydroxyisolielminihosiiom, Mslabolic Products of lie 
27° 499 (19Mr nabciihorot, DfocJra. y»ac, 

29. lUisrnicK II., mcI P. Smo.vAKT: XXIX. 2;S-DihydrOTybonsoic Add (Ocntisic 

Acid), fl Now Product of the MetabolMin of Glucose by Pe«io/fiMjn gnteo-fulwm 
Dicrckx, lUochent. Jour., 27: C28 (f933). 

30. Oxrom, A. li , and II. lUisraicK; XXX. Tho Molecular Constitution of tie 

I'fcfaJioJic iVodiiets of PemciUiutn hrtvi-compaclum Dierckx and Ilclated 
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27; 63-1 (m3) 

31. Ci.UTTEKnicK, P. , and If Haistiiick: XXXI. The Molecular Constitution 

of the Afctabolic IVodiicfs of PentciUtum brevi-^ompactum Diercicx and Related 
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Tctrah}’<lroxy-2'MethyJantIiraqmnonc), a Metabolic Pfoduct of Hdmtntho- 
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33 Oxrono, A. 17., and If. /{aisttiick: XVXIII. The MyceJ/al Constituents of 

Penieillium breiKompaclum Dicfckx and Related Species. 1. Ergosterol 
PalmiMc, /iiocAftn. Jour, 2T: 1176 (t033). 

34 . . . ■ and — ; XXXIV A Note on the Mechanism of the Production of 

Phenolic /Ichfs from (3/ucosc by Poni^Uium brtvtKompadum Diereix, Biochm 
Jour., 27: 1473 (1933). 

35. PiASTatCK, if., an(( O. Sutrif: XXXV. TheJfctabolic Products of B^fsaixhlami/s 
fulva Olliver and Smith, Dtochtm. Jour , 27 i 1814 (1933). 
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XXXVL The Metabolic Products of Petualhum charUsn G. Baiith, StocArm. 
/our, 26:94 (1934). 
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39 oJ'om! A E, anil II lia.STUios: XXXIX The 
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CHAPTER XXXVI 
AMTIBIOTICS 

«>l>stancc produced by a living organism 
Ibat domonstralos inluli.lory or germici.ial activity tmraris mjero- 

Shfr r^- 

1 1' s cad of antibiotic to doMgnalc a substance active against bacteria. 

Antiljiofic sillislnncc.s arc produced by certain members of the plant 
Kinsiicm, cliicily by microorganisms and green plants. Jfost of the 
antibiolic.s i.sointed and .studied up to tbe present time have been produced 
ly fungi and liaeterin. Tlic most important sources of antibiotics among 
tbe fungi are tbe penicillin, actinomyectes, aspergilli, and higher fungi. 

» etc tuo most important Antibiotics isolntcd to date, the penicillins And 
streptomycin, arc pro^luccil by pcnicidia and an actinomycete, respec- 
tively. Antibiotics of considorAblo proniJ.«e, such as bacitracin, have been 
isolated from bacteria. Tomato plant.s, liorso clicstnuts, radish seeds, 
and other [ilanl.s arc sources of antibacterial substances, 

There have boon many rcvicivs concerning the antibiotics Among 
some of the more recent general revion-s may be mentioned tho^e of 
^^aksman,’ Benodiel ami Iean;tlykko,* Kavana;th,* and Xadel.* 

Some general information concerning antibiotics of microbial origin is 
pre.^ented in Tables 150, 151, ami 152. In Table 153 are given the 
structural formulas for some of these antibiotics. 

Factors Considered in Selection of Antibiotic. — After perusal of 
Tnble.s 150 to 152 one may wonder why there arc not a larger number of 
antibiotics being mamifaetiirc<l for use in the medical field than there are 
at the pre.^ont time. The reason is (hat the requirements of the anti- 
biotic for use in tre.ating man arc high. For example, the antibiotic must 
be active against the pathogen in vivo Some antibiotic substances are 
active only tn vitro or to a very limited extent m ru'o. The antibiotic 
should be nctiv’e against a fairly large numl>cr of microorganisms, aJthoug 
this is not ahva 3 ’-s essential. Some are actually effective against only a 

‘ (Vaksuan, S. a., '* Microbial AatagoDisms and Antibiotic Sub$tances, 2d <*d . 
Commonnc.'iItJi Fund, Ne«- York, 1947. „ ,, 0 , 7 . 

* Benepict, R. G., and A. F L%kgltkke, Ann Bn \ Hhmbtol , 1 : >• 
*KAVANAOir, F, Adranew m 7: 4GI-511 (1947) pwirv<-r- 

‘ Nadel. R. G., “Antibiotic Substances, Their Biologi'’al and FWP 

tics," 2d cd., National Institute of Health, Bethesda, Md., February, 19 • 
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Table 150 — Some Antibiottc Substances of Bacterial Origin 


Antibiotic 

Produced by 

Solubilities 

Organisms against 
which active 

Aerosporin * 

Banllus aerosporvt 


Gram-ncgative bae- 

(Polymyxin?) 

(polymyxa) 


teria 

Bacillin 

B aublihs 

Soluble in water, and 
in alcohol and meth* 
anol with 5 per cent 
nater 

Gram-positive and 
Gram-negative bac- 
teria Not effective 
m wi'o 

Bacitracin. 

B aubltht 

Soluble in nater, 95 
per cent alcohol, 
methyl alcohol, eth- 
ylene glycol, etc 

Gram-positive bac- 
teria Hemolytic 
streptococcus infec- 
tions experimentally 
produced 

Cobcine 

Eachenekia eolt 

Soluble m atcr 

Insoluble in most 
organic solvents 

Entero-bactena 

Diplococcm 

Milk streptococci 

Soluble in water 
Insoluble m absolute 
alcohol 

Gram-positivo bac- 
teria 

Endo*Bubtilu\ 

B. aitbttlia (young 
cells) 1 

Soluble in alcohol, 
chloroform 

Staphylococci, etc. 

Eumycin 

B anbliha 

Soluble in water, ace- 
tone. alcohol In- 
soluble in ether 

Higher bacteria and 
fungi C diphthenae 
andilf tuhercu/ostrin 
fitro 

Grnmicidm 

B brains 

Soluble in alcohol and 
ether Insoluble in 
water 

Gram-positive cocci i« 
riro and m vitro 

Gramicidin-S 

B brevis var 

Gause-Urashni* 
kova 

Soluble m chloroform 

Staphylococci, clos- 
tritha, etc 

lodinm 

Chromobaetertum 

lodinum 

Soluble in ether 

Staphylococci, strep- 
tococci 

Licbeniformin 

Bacillus lichemfor- 
mia 


Certain Gram-positi>c 
and and-fosl bacteria 

Oxplicnazinc 

Paeudomonas aeru- 

gxnosn 


Gram-positivo and 

some Crara-negativc 
bartena 

Phlhiocol 

1 MyrobacUnum lu- 
bereulosis 


Certain Gnim-po«i- 
tiiT and Gram- 
ncgali\e bacteria 

Polym>'xin 

iJaoWuJ poli/int/za 

Soluble in water and 
methanol Insolu- 

ble in acetone, ether, 
etc. 

Cram-negatne bar. 
tens 

IVocliRiosin . . 

j Scrra/io m/irrescent 

Soluble in water 

Grnm-po«itivc bac. 
tena 
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Table 160. — Some Antibiotic Sobstanoes of Bacterial Orioi.v. — {Contlmcd} 


Antibiotic 


Pyo II 


Pyocyanasc. 


Pyocyanin 


Pyohpic acid 
Simplexin 


Subtilm 


Subtilysin (subti- 
Jyne) 

Toxo flavin 

Trypanotoxm 

Tyrocidinc 


Tyrothricin (mix- 
ture of Grami- 
cidin and tyro- 
cidinc) 
Violaccin 


Produced by 


Solubilities 


Organisms against 
which active 


Pseudomonas aem- 
ffinosa 


Ps. aeruginosa 
Ps, aeruginosa 


Ps. aeruginosa 
Bacillus simpUz 


D cocovenenans 


B subtilis 
B breins 


Chromobactertum 

violaceum 


Soluble in hot alcohoi, 
benzene, chloroform, 
dioxaoe 

Soluble in water, ben- 
zene, benzol, ether, 
etc. 

Soluble in water and 
chloroform Insolu- 
ble in ether 


Gram-positive 

teria 


Soluble in water and 
hot alcohol 


Soluble in acetic acid, 
alcohol (0 to 80 per 
cent), methanol and 
acidified water. In- 
soluble in acetone, 
amyl alcohol, chloro- 
form and ether 


Soluble in water and 
chloroform 


Soluble in alcohol 
Slightly soluble in 
water, acetone and 
dioxane Insoluble 
in acetone end ether 
Insoluble m water, 
chloroform Soluble 
«i alcohol 


Gram-positive snd 
Gram-negative bac- 
teria in vtlTo 
Gram-positive bac- 
teria and some Gram- 
negative bacteria «n 
vitro 

M. luherculosts 
Pathogenic fungi and 
certain Gram-nega* 
ttve bacteria 
Gram-positive bac- 
teria, higher fungi. 
M. tuberculosis. 
perimental uifectioM 
tn tiro 


Certain Gram-ncga- 
tive and Gram-posi- 
tive bacteria 


Trypanosomes 
Gram-positivc and 
Gram-negative bac- 
teria 


Soluble in acetoncand 

pyndme,and slight Jy 


' Gram-positive cocci 


Creni-pos'tiv' I-"' 
teria in ti/ro 
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Table 151. — Some Antibiotic Substances fhosi AcTiNOMvcbTEb* 


Antibiotic 

Produced by 

) 

^ Solubilities 

Organisms against 
which acthe 

Actidione 

1 StrtpJomi/fes^ris- 

Soluble in uater, ace- 
tone, chloroform, ether 

Some yeasts 

Actinomyces ly- 
sozyme 

Slrepl sp 

Insoluble in benzol, 
chlorofono, ether 

Micrococci 

Actinomycetin 

Strept albus 

Soluble in Hater Pre- 
cipitated by acetone, 
alcohol 

Some Gram-positive 
living hacten.a and 
Gram-ncgnli\ p dead 
bacteria 

Actinoniycin 

Strept antibioti- 

cus 

\ , 

Soluble in acetone, al- 
cohol and benzene. 
Slightly soluble in wa- 
ter and ether Insol- 
uble in petroleum 
ether 

Grara-positive bac- 

teria and to some ex- 
tent to Grara-ncgativp 
bacteria, fungi 

Actinonibin 

A ctiHOmycefcs 
strAin A 105 

Soluble in methanol 
Precipitated by ether 

Gram-ncgativc and 
Gram-positivc bac- 
teria tn W<ro 

Aureomjcin 

Strtptomijcei au- 
Tfofaeitns 

Soluble in distilled 
uater and in 5 per 
cent glucose in dis- 
tilled water 

Some rickcttseal and 
virus diseases 
Gram-positii c and 

Grnm-negatn c bac- 
tena 

Chloromycetin 

Streptomycta sp 

Slightly soluble m wa- 
ter , soluble ii» acetone, 
butanol, ethanol, 
lucthanoi, etc 

Some Grnin-ncg'itivp 
bacteria 

Onsein 

; Sonic strains of 
Sireptoirtyces 

iSolubIc in w-ater 
Slightly soluble in 
acetone and y5 per 
cent ethanol Insolu- 
ble ID absolute ace- 
ton**, benzene, ab«f>- 
1 lute ethanol, ehloro- 
1 form, ether 

Some Gr.am*i)«''itivp 
and Grani-iirgati%c 
bacteria m intro K\- 
penmeiital mf<-etion» 
due to Sali'ionrlta 
arhottmullrn and 
StnpK mireui 

lAiM-ndulin 1 

Actinomycea lave- 
nulat fstr.iin A- 
.0, 

Soluble in mater, ami 
methanol Insoluble 
in ether 

Some Gram-posilice 

and Gram-negative 

bacteria in rtlro 
Klebatrlla pnrxnipniac 
in expeninentnlly in- 
fwtol mice 

I.itiiiocitlin ^ 

l^roaclinomijcra 

ryanfua anltfcio- 
lin/» 

Slightly soluble in acid 
range Soluble in 

acetone and ethanol 

Staph>h)eoeri, strepto- 
cocci, I’lbno romma. 


' K of ihp (imrl. 
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Table 151 -Some Antibiotic SmisTAKCBS rao., AcrmoMrctTEs.^(a^;„,^ 


Antibiotic 


Mycetm 


Proactinomycin 


Produced by 


Slreptomyces 
aceua 


A'oeardio coeliaea 


Solubilities 


Streptin 


Streptomycin , 


Streptomycin D 


Streptomycin II 
Sfreptothricin 


A’ocardia 

nert 


gard- 


Streplomyeea Bp 


Slrept griaeus 


Slrept. ffriaeui 


Strept. bihnienaia 

I 

Strepl lavandulae 


Actinamyeea B30 


Insoluble in ether, but 
soluble in other or- 
ganic solvents 
Soluble in water, alco- 
hol 

Soluble in ether and 
other solvents of or- 
ganic nature 


Organbms against 
which active 


Staphylococci and other 
Gram-positive bac- 
teria 

M. tuhercxiloau in ntro 


Soluble in water, acid 
alcohol, and methanol. 
Insoluble in butanol, 
ethanol and pyridine 


_L 


Soluble in water and 
acid alcohol Insolu- 
ble in ether and in 
other solvents of or- 
ganic nature 
Limited solubility in 
Water, benzene, ether. 
Soluble in butanol, 
chloroform, dioxanc, 
ethanol, and ethyl ace- 
tate I 


Gram-positi\'e bac- 
teria and some Gram- 
negative bacteria in 
Vitro. Hemolytic 
streptococci in experi- 
mentally infected mice 
Staphylococci and mi- 
crococci, tuierevio- 
sis, etc. 

Gram-negative bac- 
teria, and some Gram- 
positive bacteria (refer 
to section on this anti- 
biotic). Effective w 
vtvo 

Gram-negative aod 
some Gram-positive 
bacteria (refer to later 
section) 

(Refer to Stwptomj- 
cin) 

Fungi, Gram-posith-c 
bacteria. Effective in 
mm 


Some Gram-positue 
bacteria 


I A BubdiviaiOn of the fungi 

relatively few organisms, against which more suitable antibiotics 
effective. The antibiotic should not produce umlesijab e reae 
administration, such as those associated with histamine or is am 
substances. It should be relatively nontoxic to phagocj es a 
cells, tissues, and organs of the body. It should not lemoyr 
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Table 162 —Some ANtiaioric Sobstances of Funql's Origin 


Antibiotic 

Produced by 

Solubilities 

Organisms against 
which active 

Aspergilhc acid 

Aspcrgilltn 

1 Aspergillui 

A fumigatus 

Nearly insoluble in 
water and acids 
Soluble in acetone, 
aicoliol, bcBzenc, 
other etc. 

Staphylococci, strep- 
tococci, M tuberculih 
sis, etc , tn niro 

Avcnaceixi, . . . 

Fusanum aoena~ 

Crum 

Soluble m cyanic sol- 
vents Limited sol- 
ubility m u atcr 

.If phlet 

Biformic acid. . . 

Polyporua 6i/orm«4 

Soluble in Tvater, 
ether, aeidificd chlo- 
roform 

B subitUs, Slaph aur- 
eus, .If phlet, Ps. 
aeruginosa, etc 

Biformin. 

P. bijormis 

Modcratciv solulde in 
water Soluble m 
alcohol, chloroform, 
ctlicr, metfayliso- 

butyl ketone 

Gram-positive and 
Gram-negative bac- 
teria, mycobacteoa, 
fungi 

Chactomio 

1 Chaelcmium eoch- 
\ Uodta 

\ 

Insoluble in water and 
petroleum ether 
Soluble m acetone, 
bcnicne, chloroform ! 
and ethyl acetate 

Gram-positive bac- 
teria Inactive tn 
nro 

1 

Citrinin 

PemetlUum ttlrt- 
num, AapeffftUua 
nmcut, etc 

Insoluble m water 
Soluble m alcohol 

Inhibits Gram-posi- 
ti\c bacteria in vitro 

1 

Cl.'ivacm (clava- 

PeninlUum patu- 

Soluble in water, alco- 

Gram-positive ami 

tin, clavafor- , 

lum 

1 bol, chloroform and 

1 Gram-negative or- 

mm, oxpansin, I 
patuliti) 1 

1 

P clnnforme 

P. expansum 
Aipergiltus clava~ 
tus 

ether 

1 

g.inisms 

niinintin 

1 

Fusanum orlhort- 
ras var enniati- 

ntim 

Insoluble in water 

1 

^Iycol)acterla, B sub- 
tills, ^taph aureus, 
in nfro 

Kructigcnm 

/' jruetigenxm 

1 1.iniitrfl anluluhty in 
, water Vcrysoluble 
m organic eolventa 

M phlet 

Kumigai-m 

Atpergtllus famt- 
ffalus 

Slightly soluble m wa- 
ter Soluble in ace- 
tone, alcohol, chloro- 
form, and ether 

Gram-positive bac- 
teria and some Gram- 
ncgativ e bactena 

Fumigaiin 

A /umtja/u* Prev 
iniuA 

Moderately soluble in 
water. Soluldc in- 
acetone, alcohol, 1 >en- 
1 tene, chloroform, 
ether, ethal Bcolnte 

Oram-po.sitivr bar- 

tena 
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Antibiotic 


Gliotoxin. 


Glutinoain . 

Javanfcm 
Koiic ftcid 

Latcritiin-I 


Mycophenoli 

acid 

Penicidin 


Penicillic acid 

Penicillin 


Produeod by 


A. terms 


A. gigantus 
7Vn»«7/jV/?i glad- 
ioli 

fumi- 

gaiun 

\PenicHliuin jtn- 
itni 

P. ohscunim Bi- 
ourgc 
Glioclndium fim- 
brxaturn 

Melarrhiitum glut- 
tnosum 


SofuWe in aqueous 
acetone and in meth- 
anol 

Befer to penicillin 
Soluble in water and 
ether 
Almost insoluble in 
water. Soluble ... 
alcohol, chloroform, 
ethyl acetate, etc. 


Organisms against 
which active 

Gram-positive bac- 
teria chiefly 

^ Refer to peiucillin 
Inhibits fungi 

Inhibits Gram-posi- 
tive bacteria and 
fungi 


Puaarium javani- 
cum 

AapergiUua /lavua 
A oryzae, etc. 


Soluble in n-butyl al 
eohol, ether, petro- 
leum ether 

I Soluble in water, ben- 
, tone and ether 
Soluble in water and 
in alcohol 


Inhibits some limp 


Pusanum 

tium 


laleri- 


Penidllium hrrvi- 
compacium 
P terreaire 


\p puhervlum 


P. notatum-^kryao- 
genum group 


Limited solubility in 
water. Soluble 
organic solvents 
Insoluble m cold wa 

Soluble in alcohol, 
chloroform, and di- 
lute acid. Insoluble 
in petroleum 


Polyporin 


jPoZysticfus aangu- 


Soluble in water, ace- 
tone, alcohol, amyl 
acetate, ethyl ace- 
tate, cyclohexane, 

, and (lioxanc 
Soluble in w'ater, ab- 
solute alcohol, and 
ethyl acetate, fairly 
soluble in dry ether 


Inhibits Gram-posi- 
tive bacteria m «/« 
Inhibits Gram-nega- 
tive bacteria particu- 
larly but also Gram- 
positive bacUna 
Inhibits Af. pW« and 
lubetculoaia 

Inhibits stiiphylococci 
and certain fungi 
Inhibits E. typfiosa 


Inhibits bacteria of 
the coIon-typhoKl 
group 

Gram-positive bac- 
teria in vivo and tit 
vitro 


Inhibits some 


Grain- 


positive and Gram- 
negative organisms 


i 
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Table 153.— SrnucTunAL Fokmolas.of Some Antibiotic Scbstancls 


Antibiotic 

Structural formul.') 

Ilefcrence 

Aspcrdllic acid 
rC»lI„N',0,) 

N II 

nc^ \!-<!;cir, cir. 

if 1 

CllrCIIrCC C=0 

in 

Dutcher, J. D, and 0 
U’lntersteiner, Jour. Biol 
Chem., 156:350 (ION). 

Citrinm 

(C„ir„0,) 

cjr 

cn. i - 

H 

-on 

=c coon 

1 

-0 

Hetherington, A. C , asd 
H. Raistrick, Trans Boy 
Soc. {London), B220:26!) 
(1931) 

Clavacin (clftvatin, 
clavnformm, cx- 
nankin, natulin) 
iCilUOi) 

1 oul 

it,i i}=c(i 

V 

1 

AnsfoTT, IT. K , H. ^ais- 
Irick, and 0. Smithi 
Jour. Soc. Chem. Ind, 
62: 236 (1943), Berwl, 
F, et ttl.^'ature, 162; 
750 (lOlMi 

S. A , E S Ilorningr *1"“ 

E L Spencer, Setenee, 
e6l202(l!M2), ete. 

Fumigatio 

(C,li.Od 

0 

CH.y^ 

V 

j-OH 

1-ocn. 

Anslow, W. K , W 

Raistrick. 

Jour., 32:657 (103S). 

Kojic acid 
(C,H.04) 

0 

Hoc^ c: 

«1 i 

V 

n 
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Table 153 — Structe^ial FoR’a^tAs oy Seme Astibiotic Substances. — 


Antibiotic j 

Structural formula 

Reference 

Spinulosin 

0 

Birkinsb-niv, J 11 , and H. 

(CJI.O,) i 

a ' 

Ratstnek, Trans. Bot{ 
ScK (London).B220:2i& 


ifiC— r 

y-oK 

(1931), Anston. W. K . 
and Ji, Rantricfc, Bio~ 


HO~i 

r" i 

thtm JoMr , 82; 687 
(193S) 


search to the bacteria, actinomycelcs, molds, or higher fungi, or limit his 
investigations to the species of a given genus or the strains of a particular 
epecies. 

Large numbers of cultures are essential for such research. Some of 
these may be obtained from pure culture collections, but many must bo 
isolated from such sources as the soil, water, air, surfaces of fruits and 
vegetables, moldy bread, and cheeses. 

Some Isolation Methods. — No attempt will be made here to revieu the 
somewhat voluminous literature on this subject. The interested reader 
13 referred to Waksman's hook, “ Microbial Antagonisms and Antagonis- 
tic Substances,” for a general review of this lieid 

In a procedure known as the crowded-plate method,' I-ml portions of 
1 : 10 to 1 : 1,000 dilutions of soil are plated with nutrient agar and incu- 
bated at temperature ranges suitable for the grout h of liaetoria Antag- 
onistic organisms (those producing antibiotic suhstancoii) \m! 1 produce 
clear zones around their colonics as a result of inhibiting the growth of 
adjacent bacteria or of destroying them. Such organisms arc 3>'0!atcd in 
pure culture and the antibiotic is extracted, studied, and uicnlificd. 

In a dircct-soiWnoculation method,* plates are poured witli nutrient 
agar which has been seeded with the organism for uhicli an antagom**! is 
desired The plates are incubated at 2S or 37'*C. for 1 to 2 days. Tlicn 
particles of soil (fre-^h or enrichetl) arc dropped onto the “lurfftce of the 
growth on the plate, which is then incubated for a furtiior period. An 
antagonistic organism «iU inhibit, destroy, or cause ly>i‘« of the original 
organism. Potato agar may be used instead of nutrient agar ^hen it 
is desiretl to isolate an organism antagowstic to fungi, according to 
Waksman.* 

Occasionally tlio researcher w interested in i-ol.atmg new Mrams of a 

• Waksman, op at. 

« Ibtd. 
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particulnr species or 0 / a group of organisms for tJie purpose of obfaininga 
^ram that is a better producer of n given antibiotic than known strains. 
„ CogliilP desired to isolate now strains of the 

PenmUtum notatnm-chTysogenum group and proceeded in the foiiowing 
general manner: The isolations ivcrc made by dilution and streak culture 
methods. In the former method, mitnblc diiutions of soil samples, 
usually 1 : 1,000 to 1 : 1,000,000, were plated in Czapek’f? ruediura. or in. an 
acid glucose nitrate agar. The plates were incubated for 5 to 10 days at 
2-i to 20 C. and then examined for molds displaying the desired cbarac- 
teristie.s of tiie penicillin-producing strains of theP. nofatum-c/irt/sof^rnum 
group. Tlio streak method was carried out by streaking the surface of 
hay infusion agar with 1 to 4 loopfula of a 1:10 suspension of soil, incu- 
bating the pla(e.s at 24 to 26^C. for 7 to W days, and examining the plates 
to find (he desired gpecies. Final isolations of molds grown on the hay 
infusion agar were made in Czapek’s medium. 

The molds that appeared to bo mcmbcr.s of the P, nolalum-chryso . 
flfcnwm groxip w ere nc.xt planted on the surface of Cznpek's solution ag&y in 
petri dishes by llapcr and his associates, an attempt being made to 
produce two to four colonics, equally spaced, in each plate. The plates 
were incubated at room tompcruturc for 10 to 12 days Then the 
pcmcillus, conidia, and other characteristics of each mold were examined 
to determine whether it possessed the desired qualifications. The appear- 
ance of an abundant yellow exudate was one of the distinguishing features 

Provided that the mold turned out to be a member of theP. notoluirv- 
chrysogenum group, it was nc.xt siibmitlcd to a screening lest to e tain 


some idea us to its value as a penicillin producer. 

Raper and Ids coworkers used a medium designated as “E me in^ 
to grow the molds. This medium was prepared by adding 1 per cen 3 
I'olumc of corn steep Viquor {hb per cent solids') to Czapeks 
adjusting the pH to 7.0, adding 2.0 per cent agar, distributing por 
measuring exactly 20 ml. in tubes and sterilizing. The conten s . 
tube were poured into a sterile petri dish of 100-mra. diarae 
flat bottom, care being taken to use dishes that ivou provi ® ^ 
depth of agar. A single colony was produced in J of 

as a result of inoculation with a small amount of a s 1 - 

the mold spores (prepared by suspending spores in me e a„ 
and allowing the agar to solidify). Control plates producers 

different cultures of P. notaUirn. known to be goo P 

Each plate of the series was incubated for 0 da>s a ^ .„.(vrp cut and 

At the end of the incubation period, four or five plugs ^ere 

I Jl-tPER, K. B., D. P. ALEXiWEB, and R D CooHUf., Jour ac 


039 ( 1944 ). 



I lo OT — ScKrsMNo TC^T Conifol cwllure, nofa/um NRIIL 1249 B21. on 

“ n" mc'lium. Incubation at 24 4* ra<tial •rrmof ^<>4 at C da) a. X B, A car pluK 

iiuay rlat<> sliowinc tonM of inhilalwm of Slaphytecoeeui developed after Bear bloeka 
removed from A ba>e l>een ineubatol for 10 hcnira at 37 C. x *i C. Ne«» uolate, roo<l 
jicnicillin-prtxIueinB attain. Inctibation and teit as »n d /). auay plate for tame. New 
isolate, poor peninllm-proilueinK atrain, inruhation and te«t a« in A F, Aasay plate for 
tame [Courttoy pf K P Hnppr, l> F AU*an4*r, anA H /) ('oohUI. Joirr flart 4S (No C) 
010 ( 1014)1 
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Wartime Developments,— In 2941, Korey and Ifeatfey ivere invifed to 
the United States hy the Rockefeller Foundation. Conferences iveie 
held with Thom, principal mycologist of the U.S. Department of Agn^ 
culture, with personnel of the Committee on Medical Re.search of the 
Office of Scientific Research and Development, with the National 
Research CouncjJ, ivith the hTorfhem Regional Research Laboratory and 
with other groups. As a result of the visits and conferences, drug and 
chemical manufacturing concerns, for e.vample, Merck and Company, 
E. R. Squibb and Sons, Charles Pfizer and Company, the Abbott Labora- 
tories, and the TVinthrop Chemical Company, became interested in the 
production of penicillin, Afeetings of manufacturers were sponsored by 
Richards, Chairman of the Committee on Medical Research of the 
O.S.R.D., for the purpose of coordinating the effort, c.vchanging informa- 
tion, and speeding the development of the industry. 

The rapid and extensive expansion of the penicillin industry was 
based on the cooperation, coordination, and vast amount of research of 
government agencies, of universities, of industrial laboratories, and of 
medical clinics in this country and England. 

Properties of Penicillin. — Penicillin is active against certain Gram* 
positive bacteria in the presence of blood, pus, and body fluids. 

It may be regarded as nontoxic, for very large doses may be admin* 
istered over a relatively long period of time without injurious effects In 
a small percentage of cases, individuals allergic to penicillin are fount . 
Urticaria, hives, and itching arc some of the responses obsor\*ed m 
sensitive persons. _ . 

According to Welch and his associates,' there i.'! partial mhibitjon o 


phagocytosis by penicillin. , 

It is soluble in w’ater. In acetone, amyl acetate, 
dioxane, ethyl acetate, ethyl alcohol, and ether, it is very so u e, 
benzene, chloroform, and carbon tetrachloride, it is less solu e 

It is unstable under a number of conditions For Mirine 

decomposed by strong acids and alkalies. It is mactiyoted } x 
agents. Contact with certain of the heavy metals, sue 
lead, and mercury ' . > 05 - 

2inc salts may ah ■ lol, 

zecanski.* The basic structure of penicillin is repeated 

especially methanol, by suipbydtyl compounds, by ea , an 
freezing and thawing.* cp^r^^ted bv a large 

Penicillin is destroyed by penicillinase, an enzj 

' Welch, H., H P. and C. AV. PatcE, 

* Eisver, H , and B Pob2ec.4sski, h o- 

*BakE, G., and A P BichaRDsOX, Ann -V Y. Aca'j ct , 
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number of bacteria, molds, and yeasts. The aerobic sporeforming 
bacteria and some of the actinomycetes are particularly destructive. 
Woodruff and Foster have reported.* Hence, it is necessary to use 
sterile media and aseptic methods during the production of penicillin and 
sterile water or other suitable diluents in the preparation of solutions of 
the solid material. 

The crystalline salts of penicillin, cspeciall}’ when stored at low 
temperatures, are stable over a period of several months 

Aqueous solutions of penicillin are unstable and must be stored under 
refrigeration 

The pH of the aqueous solution containing penicillin has a very 
important bearing on the stability of the preparation. Penicillin is most 
stable in the pH range of 0 0 to 6.5 and reasonably stable over the pH 
range of 5.5 to 7.6. The half lives of penicillins F, G, K, and X arc 11, 
18 5, 7, and 11 mm , respectively, at pH 2.0 and 24®C. 

Phosphate has a stabilizing influence on crude penicillin at 37'’C., 
according to Pratt,* who found that the rate of loss of potency varied 
inversely with the concentration of potassium dihydrogen phosphate 
present m the culture medium at the beginning. The stabilizing action 
of the phosphate w as independent of the concentrations of the magnesium 
Bulpliato and sodium nitrate. Phenylacctic acid and p-hydroNybcnzoie 
acid did not mo<lify the stability of crude penicillin when present in the 
medium Pratt* demonstrated that low concentrations of a phosphate 
exerted a stabilizing influence on stcrile-watcr solutions of penicillin, 
which vas independent of the buffering effect. 

Types of Penicillin.— Penicillins are compounds of the general 
formula C»IIii 04 SX — H, in which R repr<««nts the radical or group that 
IS different for each type The structural formulas of the most common 
types (F, G, X, and K) are given in Table 155 

Most penicillins arc mi.xture.s, usually of types F, G, and K, but 
penicillin G is produced in largest quantities and considered to be the most 
practical Cry.stallinc sodium penicillin G must contain at least 90 per 
cent of G. Typo F penicillin was the prwlominnnl type produced during 
the early j’e.ars of the World War II by surface-culture methods. 

Source. — Penicillins F, G, X, and K arc producetl by strains of tlie 
Pcmcilhum nolalum-cJirysogcnum group of molds, fl.'ivicidin (llavicin), 
by Asporffillus Jtavus, and dihydro F pcniciUm (gigantic acid), by A. 
ffignnlcux 

Cofnparalitc Aclivi(ie$ — The ilifferent types of penicillin vary in their 

' Wooanrrr, It Il,fln(IJ W fovrr.n. Jour 4# (N'o. 1) 7 nOI5) 

* pR^rr, It . rionl Phjnnt . 22 {So. 3): SOS (1017). 

' Pmrr. It . -tm /’Wm. . 38 (No. 3>-ao Mt>l7l. 
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activities towards difTorcnt organisms, as will be evident by reference to 
Table 154 wliich shows the comparative activities of crj'stalline peni- 
cillins towards Staphylococcus aureus and Bacillus suUiUs. 


Table 154. — CoMPAnArivB Activities of VAnrovs CnTSTALU.vE PcxiciLm-s* 
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Table 155 — Chemical Sibhctitbes of Sodittm pE^•IClLLI^s 


Type 

British 

designa- 

tion 

Structure 

Penicillin F 
f<a’-pentenyl- 
penicillin) 

I 

1 OIIH H S 

Icii, CH, CH=CH cir, h h rai.), 

c COOXa 

1 1 1, 

IVniciilin G 
(>)cn2ylpcnici)15n) 

n 

OIIH H S 

j /XcH, 

( J C— X i COOXn 

^ i A 

Penicillin X 
(p-hydro*ybcn*yl- 
penicillm) 

III j 

OIIH H S 

("^cn, i N 

Ilol J i— N C COO-N'o 

A A 

0 ir 

Penicillin K j 

(n-heptylpenicUlin) I 

1 

IV 1 

i OJin H s 

cn, (ciw, A A ''c icii,), 

A-x A rooxn 

A 

Dthydro P 

Gigantic 

acid 

0 II H 11 S 

CH, CH, CH, CH, CII, ^ N ^ G (CH.'), 

(’ COONs 

0 ir 

J^vicidm 

Flavicin 

r type 

OIIH H S 

CH,-CH=CII Cfit CHi ^ i i— iGir.). 

<!•__.% ^ COOXa 

II I 

0 H 
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.t ,.b£s:.;'jr£ 

'■' ' P''“«'>“'''', I-Ovcil, and Baistrid- 


J 


) 


■ (*932); Challinor (1942); Challtnor 

. and iMacXaughton, and Faster, 

UoodrufT, and McDaniel (1943); 
CaHahan; Coghill; Cook, Tulloch, 
l*ro\vn, and Brodie; Elder; Jlercfc 
and Company; Pearl and Appling, 
Uaper, Alexander, and Coghill, 
Siiinivasa; and Walkman and Reilly 
(*914); KolTIer, Knight, Perlman, 
and Burris; Kofllor, lOiight, Emer- 
son, and Burris; Haper and Alex- 
ander; Roper and Coghill; and 
While, Krampitz. and Workman 
(1915); Bowden and Peterson; 
Foster, Woodruff, and AfcDaniel; 
Foster, 'Woodruff, Perlman, JIc- 
Daniel, Wilker, and Hendlin; Moyer 
and Coghill; Raper and Fennell; 
Stefaniak, Gailey, Brown, and John- 
son, and Stefaniak, Gailej', Jan’is, 
and Johnson (1910); Aloj'er and 
Coghill, and Taylor (1947). 

Penicillin may be produced by 
both surface-culture and submerged- 
culture methods. In the surface- 
culture methods, the mold is grown 
on the surface of shallow layers of 
the fermentation or production medium or of bran on a laboratorj’, pilot- 
plant, or commercial scale. In the submerged-culture methods, the 
mold is grown submerged in the fermentation medium in shake flasks, 
rotary drums, or deep tanks. The shake flasks are usually used for 
laboratory studies, while the rotarj' drums and deep tanks are used for 
pilot-plant or commercial production. Agitation and aeration o t e 
medium are essential in the submerged-culture processes. 



•f/o. £M — Sur/ace-cu/ture production of 
penicillin bj /*cntc«7/iiim nofaltifn N'RItL 
1240 Del. (P/,o(0 f,u Ctexl G Dunn ) 
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Surface-cuUure Methods . — In the surface-culture methods, the mold 
grows at the surface of a shallow layer of medium as a mycelial mat. The 
oxygen required is taken from the air by the mold. No attempt is made 
to aerate or agitate the medium. Metabolic products formed move away 
from the surface by diffusion and fresh nutrients (while they last) are 
brought to the mold by the same process. 

LAHoRATonv aiEtnoDs. — 'niesc methods have been used principally 
for the purpose of studying new strains of molds, the effects of various 
constituents of the medium on production, and the relationship of 
environmental factors on yields A sterile medium of suitable composi- 
tion is inoculated with the spores, or germinated spores, of a selected 
strain of mold and incubated at a temperature optimum for the growth of 
the mold and the accumulation of penicillin. 

A discussion of the molds used for the production of penicillin is 
presented in a later section. It will suffice to state here that a strain 
of mold belonging to the group known as P. notalum-chrysogenum is 
cmployc<l 

Various media have been devi«cd for the production of penicillin. 
One of fundamental importance is the following which was developed by 
Moyer and Coghill ' 


(kirn-stccp liquor 

lOOg 

^!KSO, 711,0 

0 250 R 

I.nctosc nionnlodrate 

Ai Or 

ZnSO, 7H,0 

1 0 0{4r 

Glucose monohyilratc ' 

2 75r 

MnSO, -411,0 

1 0 Obi R 

NaNO, 

3 Or 

Wntcr to make 

1,000ml 

Klld’O, 

0 500k 

Initial pH 

4 G 


Media, «urh as the foregoing, are <hspcn«cd into 200-ml rrlenmcyer 
flasks in 50-ml amounts, or into 300-ml. Erlenmcycr flasks in 75-ml. 
(luanlities, nn<l sterilized at 15 lb steam prcs'-urc for 20 min. 

The contents of the fla«ks are cooled to 2S to 24®C and inocul.atod 
with the mold spore** The flanks arc then incubated at a temperature 
favorable for the accumulation of penicillin, which is about 21®C. How- 
ever. tliey may occasionally be incubatevl initially for le<.-< than 30 hr. at a 
temperature of 2S®C. to encourage the rapid germination of the mold 
sjiores Highest yields are usually rccovere<l after incubation of the 
(la«ks for 5 to 7 d.ays 

coMMKitciM, MKTiions. — Ijirgc-scalc production of penicillin was fuvt 
carrieil out by surface-culture methods, which were es'-eiitially extenMons 
<jf tlie nietho«ls cmploycvl m the laboratory. One of the most important 

'MoTin, \ J.nnillt I> < 'ooini i., Jeur i?ar( , 61 (No 1> 57(10101 
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strains of molds used in (he early years of fTorld 'n'ar II for surface- 
culture production was P. mtatum XRRL 1249.B2], a sub-'lrain derirai 
from the Fleming strain and developed at the Xorthern Regional Reearch 
Laboratorj'. 

Tiic containere used for Jhe production of penicillin included mili 
bottles, Fembach flasks, conical flasks, special flasks of the tj-pe manu- 
factured by the Glaxo Laboratories,* and other miscellaneous tvpes. 
Milk bottles were popular since there n-ere facilities for their fabrication in 
large numbers available and also machines for vrashing them. 

The concerns that produced penicillin by the surface-culture method 
u-ere often referred to as bottle plants or factories. At least one of these 
plants handled 750,000 bottles routinely. 

Suflicient medium was introduced into each container to provide an 
Optimum depth for penicillin production. The optimum depth 
medium was usualb* about 2 cm., although it varied from 1 to 4 cm. 
Ordinarily the \*icld per flask was more important than the jaeld per 
milliliter under optimum conditions for maximum jdelds that necessitated 
the use of verj* shallow layers of modjum. 

The flasks or bottles with their contents were transported in wire or 
metal baskets by dollies or trollies to autoclaves, where they were 
atorilized. After the contents were cooled to 24T., they were inoculated 
with drj' mold spores, or aqueous suspensions of the spores, by means of 
pipettes or spray guns. 

Tlic inoculated flasks were incubated at 24®C. and mamtained at this 
temperature until the penicillin was recovered, which was usually 5 to 8 
days in the United States and 7 to 11 daj'S xn England. 

It will be obvious that there is a verj' amount of hand ot 
required for the operation of a bottle plant, since each bottle mu 
handled as a separate unit. Likewise a large amoxmt ofincufaatorspaw^ 


'* In the United States conversion to the submerged-eultuie 
Started late in 1943 and now is the commercial process emp 03 • 

Sulmcrgcd-cuUure Methods . — In the submerged-culture me ’ ^ 

mold grows throughout the medium in the form of pellets. . era 
agitation of the medium are essential. nrnce- 

n.vnon..TORr rrernons.-On a laboratoo’ 
dures are generally employed of which the noW“"’ 

Moyer and Coghill* reported on the use of > jndii^’^' 

IVestling (XRRL 832), parent of one of the ^ 

for the submerged-culture production of '' inpnor 

* Smith, E. L , Jour. Soc, Chem. /wf , 66 ^ 

* JforrB snd Cooirttt, op. ctl., p. 79. 
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1944, for the formation of pentciHin on a laboratorj' scale. The following 
medium was devised and developed by them: 


Corn-steep liquor' .. , i 

40 0 ml 

ix:n,PO« 

0 50g 

Lactose monohydratc 

27 Sg 

ZnSO, 7lliO 

0 0(4 g 

Glucose monohj'dratc 

3 Og 

MnSOHlIiO 

0 020 g 

KaNO, 

MgSO* riljO 

3 Og 

0 25g 

Xhstilleil water to m.ske 

1 liter 


■ Commercial product containing 50 to 53 jier ttot aolida (50* 


The medium was dispensed into300-ml Erlenmeycr flasks at tlie rate 
of 125 ml. per flask. The flasks plus their contents were sterilized in the 
usual manner, cooled, and inoculated with a suspension of mold spores, or 
with the drj' spores or with germinated spores in the form of pellets, after 
each flask had received 1 to 1.5 g. of sterile calcium carbonate. The 
flasks were placed on the platform of a Ross-Kcrsliatt- sliakmg m-achinc 
(other types are satisfactory) and caused to revolve at 200 revolutions or 
cycles per minute, according to Moyer and Coghill, The tcmpcraluro 
was maintained at 24*C. The fermentations wore gcnemlly complete in 
0 to 7 days. 

Moyer and Coghill found that the fermentation time could bo short- 
ened by using pregerminated spore inoculums These ncrc prepared 
as follows: A medium containing the same salts and in the same con- 
centrations as indicated above was used In addition to the nutrient 
salts, 55 ml. of com steep liquor and 30 0 g of lactose per liter were 
employed. This medium was distributed in 3(X)-ml Erlenmeycr flasks at 
the rate of 125 ml per flask, sterilized, and cooled One gram of sterile 
calcium carbonate was added to each flask, which was inoculatwl with 
mold spores The flasks with their contents were shaken on the Ross- 
Kershaw shaker for 2 to 3 days and then 5 to 7 5 ml of the medium 
containing the pellets were need to inoculate the production medium, 
according to Moyer and Coghill. 

It wan found that they couUl incrcnpc the yields of penwilhn from the 
shake cultures by adding fre.^’h nutrients to the production flanks, starting 
on the foiirtli day after inoculation and continuing daily thereafter for a 
few days One fcal con“ist<sl of 5 ml containing 0 9 g of gluco..e and 0 2 
m! of eom-steep liquor A mavimiiro yield was obfampil on the ninth 
day unilcr such conditions in one experiment 

riLOT-rns-VT Mimioo — The design and operation of pilot-plant 
equipment for tlic product ion of penicillin by a pubmergwl-eulture method 
has lieen de^cnlie*! by Ptcfaniak and bis n'.soeiatps,' nt the I'niver-ity of 

■SrrrAXUi:. J J , F" H fiitLrr, f’ S IIko«>, an<l M J Joiis«on. fn/t Enj 
riirm . S8: f.r.a 
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W'jscousin. A flow diagram of the apparatus is shown in Fig. 95. The 
fermentation tanks are of 100-gal. capacity. 

The inoculum for the fermenter iras prepared as follows by Stefan- 
iak and his coworkers' Bottle-spore plates were inoculated from soil-stock 
cultures of the mold strain being used and 
incubated at 23'’C. for 4 days. An aqueous 
suspension was made of the spores from one 
plate anti used to inoculate two shake flasks, 
each of which contained 100 ml. of medium 
1 (refer to Table 15G). The shake flasks 
were incubated for 24 hr. at 23®C. and then 
their contents were used to inoculate the in- 
gredients of the seed inoculation tank, which 
contained mcduim 2 (refer to Table 150) 

The contents of the seed tank wore aerated 
\nth 100 liters of air per minute and main- 
tained at 23*C. for 30 hr A portion of this 
medium uas blouii to a measuring tank and 
20 liters uero used to inoculate the fer- 
menter which contaiuod 200 liters of medium 
3 (refer to Table loO). 

The u«e of an antifoam agent and aera- 
tion arc essential in submerged fermentation 
of this type. At the time when the fer- 
menter was inoculated, 300 ml. of stenlc anlifoam agent (3 per cent of 
ootadccanol in lard oil) Mere addoil by manual operation. The tank w.a.'i 
aeralrd at the rate of 00 liters per min. during the first 0 hr , then at the 
rate of 2fX) liters per mm. Tlic automatic antifoam system was abo 
plaecil into operation 

Tlic clTrct of aeration and agitation on the production of {wnicilim by 
f<Hir diffomni cultures is shonm in Table J57 An aeration mte of 1 
volum** of air per minute for each volume of medium wa.s found to l»e 
optimum by Stefaniak and lus associates.* 

f’OMMKiu m. Jti.TifODs — Production details I’an,' from plant to plant, 
tiut they are alike m the fundamentals Special pclccted strains of molds 
lielouguig to the I'crunlltum nofalum^hryso<jcnuni group arc iisihI in all 
c.'i'-cs One Mieh mold is P ehn/*oycnum Wi'-ronsin Ql70. Deep taiik.s 
nr vats, ctiuipjKKl with stirring, aerating, and other denccs and with 
means for maint.aining the temperature at the de-ired level, arc cmplo) ed 
*1 2 foamxlrtcctmg electrode, 3 bafUc plate, ^. aRitalor. 5 |tp3fp>r. 

f> roJil trnirr if)J'‘l.s 
' ll>,H 



Kio PO — I'crmentorMsembli.* 
[Ccurtetif e/ J. J. Stt/onuil:, 
F B Coitfy, C S. Brovn, and 
3/.J ■/ofin*on,Jnd.Sng Cftm., 
38: CCO (lOiC) I 
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■\Visconsin. A flow diagram of the apparatus is shown in Fig 95. The 
fermentation tanks are of 100-gal. capacity. 

The inoculum for the fermenter u-as prepared as follows by Stefan- 
iak and his coworkers: Bottle-spore plates were inoculated fromsoil-stock 
cultures of the mold strain being used and 
incubated at 23‘’C. forddaj’s. An aqueous 
suspension was made of the spores from one 
plate and used to inoculate two shake flasks, 
each of uhich contained 100 ml. of medium 
1 (refer to Table 156). The shake flasks 
were incubated for 24 hr. at 23®C. and then 
their contents were used to inoculate the in- 
grcclients of the seed inoculation tank, which 
contained medium 2 (refer to Table 150). 

The contents of the seed tank were aerated 
u-ith 100 liters of air per minute and main- 
tained at 23®C. for 30 hr. A portion of this 
medium was blown to a measuring tank and 
20 liters ucrc u«cd to inoculate the fer- 
menter nhich contained 200 liters of medium 
3 (refer to Table 150). 

The u«o of an anti/o.im agent and aera- 
tion arc essential in submerged fermentation 
of this type. At the time when the fer- 
menter was inoculated, 300 ml of stcnlc antifoam agent (3 per cent of 
octadocanol in lard oil) were adde<l by nuinual oi>oration. The tank was 
noratc<l at the rate of GO liters per min during the first C hr , then at the 
rate of 200 liters per min. The automatic antifoam system was al«o 
placed into operation 

The effect of aeration and agitation on the production of penicillin by 
four djfTercnl cultures js shown in Table 157. An aeralion r.ite of 1 
volume of air ix'r miniito for each volume of medium was found to Ik 5 
optimum t)y Stefaniak and his asMiriates • 

cOMMMK'i 'u siKTHODs — I’roiliiction details varj’ from plant to plant, 
Imt the\ are alike m the funclamcntal« Special sclccteti strains of molds 
liclongmg to the PruiciUiitm notatum-chryrogrnuin group arc u«ed in all 
ca'-cs One sudi mold is P ehrysogrnutn WiM'onein QITO I^ccp tanks 
or vats, eciuipiKsl with «timng. aerating, and otlicr de^Hccs and witli 
means for maintaining the tempcratuir* at the ilcsirril level, arc employed 

• I lIstKllml*', 2 foam-detccting electrode, 3 baffle plate, ^. agitator, S epargrr. 
fi roll! nntrr iiilrta 

> /bi-f 



Flo 00 — rermentor assemblj .• 
ICourletv 0/ J J- SUf<in\ak, 
F D CaiJfy, C. S, Broten, and 
M J Johru«n.Ind Eng Chttn , 
S»; DCO (1040) ] 
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Taiilr 150. — AfEDiA Used in* I'EnMEVTAnoNS'-* 



Medium 3 1 Medium 4 


Dctlrin 

Gluco'io 

J.acto*!P 

Corn-steep soluls 
Sodtiitii nitrate 
PotnAsiiim pliospliatp* 
Mafitiesiiim Kijlpliate .. 
Caleium earl'onate 


iStkmsuk.J J.f n 0 *te.tT.C 8 iJ.owy.aoJ M 
» In rMtiM iwr lil»r 
• Mnnoliuk 


Ta,,.... 157 rr or ArnATlov as-d Actatios- ov rn oi.fC-no.v or 

^ Slirriiie nalc of .MaJimum Time It. 

Mo- Typo of ncralion, yield. i”*”' 

Culture fllirirr I /min. units/ml mum 


nolaliim 832 
’ notatiifn 832 
’ notaliim 832 
* notalutn 832 


.Marine pro- 
peller, JO m 
(liain 

!■ mbtamSSi -I' (donmianl 350 

thrust) ^ 

f>. 832 If Hal ’'5 C2 

P mtatumSyi If propolliT, 59 } 

f- Botol.t... S32 3t KUndiam --U 245 

V chrytoimum 3f lupaapa 

1951 1125 ll•"“*) ,j„ 200 I™ 

/*. chrysogenum 3t 

X-1GI2 270 

P. chrysogeiium 3t 



iSrtfANiAS.J J..F.C GAiLer.C S. D»o»ir. wd » • • 

• Rve per cent intKrnlum u»ed, 
t Too per cent inoculum u«ed. 

J Ninety-three units per milliliter at 60 hr. 
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[CowrtrtB of T. H. M. Taylor, Chtm Eng. Prog . 43 (.Vo 4) : 155 (1947).! 
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for the commercial production of penicillin. Such tanks hold several 
thousand gallons of medium. The medium used for the production of 
penicillin commonly contains com-stccp liquor, lactose, glucose, nutrient 
salts, phcnylacetic acid derivatives (refer to page 743), and generally 
calcium carbonate, which aids in controlling the pH. Modifications of 
the media are found in different plants and are made whenever it may be 
shown that improvement in the process results therefrom. 

Figure 97 shows the flow diagram for industrial production in one plant. 

Penicillin X . — The production of penicillin X in submerged culture 
has been described by Raper and Fcnnel!.‘ The mold used by them was 
P. chrysogenum NRRL 19S4.N22, an ultraviolet mutant of XRRL 1981.A 
(a substrain of Alinncsota R-13). The medium contained 2.5 per cent of 
lactose, 6 per cent (by volume) of com-steep liquor, 0.5 per cent of 
calcium carbonate, and tap water to 600 liters. After sterilization and 
cooling, it was inoculated wdth 12 liters of the germinated spores of the 
mold, aerated at the rate of COO liters per min., and agitated at 250 r.p.m. 
The temperature was kept at 24 to 25‘’C. The fermentation was com- 
pleted in 9Q hr. Approximately 50 per cent of the penicillin activity of 
the medium was due to penicillin X. 

For production by the shake-culture procedure, Raper and Fennell* 
used the following medium and method: 


Lactose 

1 20 Og 

KHtPO* 

CJorn-steep liquor (cone ) 

40 Om). 

MgSO< 7H,0 

Cerelose (commercial ghico'so)' 

1 1 2r 

Distilled water to 

NoNO, 1 

! 3 Ok 



The foregoing medium was distributed into 1-Iiter Erlenmejer flasks a 
the rate of 200 ml. per flask and sterilized. Sterile calcium 
(1.6 g.) and 2 drops of sterile lard oil were added to each flas •. ® 

tents of each container Avere then inoculated with a 
consisting of approximately 20 to 40 million spores. c ' 
agitated on a rocker-type shaker, which produced one un 
strokes per minute, during incubation at 24 to 25 C. ,.f„„p.oiilture 
The production of penicillin X by a “submerge su 
method has been described by Slice and Pratt.* ^ 

variant of P. nofatum NRRL 1249.B21, was employed by tne 

Molds Used . — Considerable research concerning " ornduc- 
development of strains of molds particularly suite or pe 

< Rapek, K. R , and D, I. FennEEI, Jour~ ^ 

* Stice, E , and R. Pbatt, Sctence, 103 (No 535 (194 ). 
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Table 158 — Intormatios Conccrxino Soue Molds Used for Pemciluv 
pRODCcnON* 


DesiRnation of mold 

History 

Use 

nofofum, 
N'RRL 1249 B2l 

Substrain derived from Fleming stram 
and developed at KltRL. Sforc widely 
u«ed than any other strain for surface- 
culture production in U S and abroad 

Surface-culture pro- 
duction in industry 

I‘ nolalutn, N'llKL 
832 A2 

Suhstrain of NRRL 832 max yields of 
100 units/ml 

Submerged-culture 
production in indus- 
try prior to summer 
of 1914 

/' f Ar rn ti»i , 

NllHL 1951 B25 

Substram of Nttlll. 1951 Yields m cx- 
cchs of 200 unita/ml l*ro<luc«l liighpr 
yields of penicillin in subnictged culture 
than N'RUh 832 

Submergeil-culturc 
production m indus- 
try' during latter 
half of 1014 and 
early 1045 

/* cArv«off<num, 

Stanford 25099 

Substram of NRUL 1951 B25 resulting 

from ultraviolet radiation (I*rof 0 IV 
Beadle) 

Superior 8ubmcrge<l- 

culture production 

/* cfcry» 05 <ni«rn, 
Stanford 35217 

Substram of KUHI. 1951 1125 resulting 

1 from ultraviolet radiation. {Prof 

1 G W Beaillc) 

1 1.unite<l proiiuction 

1 by submerge^] eul- 
1 lure in industry 

r ehrytogtnun 
X.1012 

1 Mutation of NUHU 1951 B25 mdiieetl 
by >» rays by Dr M Dcmeree and a^no- 
f lates nt Carnegio Institute of \Vn«hinR- 
lon Yields wiexce^ of 500un»ts/n\l 

, Submerged-culture 
prirduetion (superior 
strain) 

1 

r rhryiogenum,' 

Nimi. lost 

Isolated from Sod in Minnesota Mmn 
U-13 (I’rof C M Clinsteti^n) 

The parent of com- 
mercially important 
strains u«eil for s«l>- 
mergMl-eiillure pro- 
duetlnn 

/' rhrytogrnum,' 
Mmn tESfi25l 

Substmin of Minn U-13 

Submerged-culture 
prcxluetinii (high 

Jiehls) 

/■ rhrytogtnum. 
sum. I'lSt V 

Substram of NUUL 1981 (Minn It-13i 
(Ire.ster yields than parent \irJd« to 
200 unit*/ ml Best pnnlurer of peni* 
rdlm \ 

Submerged-culture 
prmluetinn m indus- 
try 

/’ chryiogfnum. 
NUUI. lost N22 

Substram of N'KItl. tnsi A, roulting 
from treatment of ronidia with ultrs- 
Molet nidintnin \lioiit oiie-hsir of 
^ {•rnirdlm units are p> tiieilhn X 

Submerged-culture 
prcKliiftion of Ptni- 
cillin X 

1 (oolfint* »l tB'l ciJ 

[ t«U« 
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Table 158.— Ixforiiation CoxreRNxvo Sosn: .Molds Used fob PEMcaux 
P«oi)ucno.v«.— (Uon/mwfrf) 

Designation of mold History 

P. chrysojenum, Substrain of P. X-1CI2 re- Submerged-cuJlure 

Q176 (l^lsconsin) suiting from treatment of conulia with production 
ultraviolet light (Prof. M. P. Bakusand 
Dr J F. Stauffer, Univ, of BTsconsm). 

Yields in excess of 7t5J units/ml 

* Based pnneipally <ja intoTtnaiton coMained la artietes by K. B. Rspet sod D. I Fenaell [Jnr 
Bael , 6j (So. 6). 781 (19-16)1 and Iv B Raper and D. F. Alexander [Jtur. ^iiLi JfiieiellSeieni Sat. 
61 (Nos 1 4 2)- 74 (1945)J 


tioti has been carried out, especially by Raper, .{Alexander, and Coghill;’ 
Raper and Alexander;* Raper and Fennell;* and Backus, Stauffer, and 
Johnson.* 

Raper, Alexander, and Coghill* studied 241 different cultures of molds, 
which were raombers of the P. nolalum-chrysogenum group, for penicillin 
production. They concluded that penicillin production tvas ebarae* 
teristic of the whole P. notaium-^hrysogenum group, that good production 
was usually limited to strains of P. notatum "Wcstling and P. chrysogenum 
Thom, and that strains varied considerably in their capacities to produce 
penicillin. 

Raper and Alexander,* over a 2‘year period, investigated natural 
variation and penicillin production in four members of the P. Rotalum* 

chrysogenum group being used commercially for the production of 

cillin. These included the original Fleming isolate, P. nolalum 'West mg, 
and strains developed from it, for e.\ample NRRL l24t).B21, a ® 
m'dely employed for peniciifin production by the surface-culture met^> 
P. notatum XRRL 832, used for penicillin production by 
culture method ; P. notatum NRRL 1950, and strains derived rom i 
produced high yields of penicillin in surface culture; 

Thom NRRL 1951.B25, used for penicillin production m both su 
and submerged-culture methods. The various strains are esen 
detail in their significant paper- ^ « of molds 

In Table 158 is summarized information concennng s rain 
used for penicillin production. 


‘ Rafer, Alexa-vder, and Coerntt, ioe . at 

* Raper, K. B., and D. F. Alexander, /oar. RhsAa 
(1945). 

* Raper, K. B , and D. I, Pennell, toe dt 

* Backes, si. P., J. F. Stactfeb, and SI. / Johnson, 


SUchM Sa. Soc., «■' 


152 (19-16). 
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sponuLATio.v MEDi V — In the production 0 / peniciJlin, it is necessary' to 
grow rapidly large numbers of spores for inoculation or seeding purposes. 
A number of media have been developed for that purpose, of which a few 
will be described. 

According to Moyer and Coghill,* good results may be obtained with 
the following medium: 

SroncLATiON Medicu 


Glycerol 

7 5g 

Cane inob'scs (edible quality as commonly sold at retail) 

7 5r 

Corn-steep liquor 

2 5g 

MgSO, 711,0 

0 050 g 

KIIjPO, 

0 ono K 

Peptone 

5 OOg 

NaCl 

. 4 OOg 

I'c-tartratc 

0 005 g 

CuSO. 511,0 

0 00{ g 

Agar 

2 50 g. 

Distilled uatcr to make 

1 0 liter 


The foregoing medium may be solidified by adding sufiicicnt agar to bring 
the total amount to at least 15 to 25 g. per liter. 

They* also described an alternate method for producing mold spores. 
In this method, fresh whole-whcnt bread (free of mold inhibitors) is cut 
into 1-cm. cubes and steam-sterilized in shallow layers in Erlenmcycr 
na'»k8. The cooled bread is lie.i\'ily Inoculated willi mold spores and 
incubated at 25 to 27*C. for 4 to o days. After the bread cultures have 
partially dried, they may l>c stored at 40*C. for as long ns 2 weeks satis- 
factorily. The 6poro-covcre<l bread may l>c cnished usually to n powderj’ 
ma^s after G to 7 days and u«ed for inoculation purposes. As an alter- 
native, it maj' be miMc<l with three to four volumes of a mixture of equal 
parts of sterilized whole-wheat flour and finely ground oat hulls 

^\^lcat bran moistened w ith a 2 per cent solution of com-steep liquor 
may abo bo u«ed for producing spores, ncronling to Moyer and Coghill ' 
A pponilation medium of the follonm^ composition has !>een devel- 
oped by Kofilcr and bis as-socmlos.* 


Vgar 

15 03g 


0 lOg 

Siigir-lKf-t mnhws 

5 OOg 

.Mg'JO, 711,0 

0 O'.g 

P( ptcino 

5 00 g 

Distilleil watir t > nnke 

I liter 

\sCl 

4 COg 




' Moirn ami ('oi.iiml, op nt , p 57 
• Morru atid < oi.im 1 , op nl . p 70 

•Koiriin. 11 I- (• Kmoht, \V <’ Fatticv. ami It It Hi uni«, Jour, 
81- a-C, (KUr.i 
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Foster and his coworkers' used the following sporulation medium: 


Sucrose or broivn sugar . i 

Mg 

]*MgS04-7Hs0 . . . 1 

0 5g 

NaNO, . ' 


1 CaCl, 

25 g 

KHir04 j 

1 5g. 

1 W'atcr, tap or rli^tilleij. j 

1 liter 


Note. Aerslion anrl afritntion are eupplied by ahaking the flask* coDtainin;; the inoritlat«d meJigm 
on o rotary shaker 


INOCULATION METHODS.' — Thcrc arc a number of methods used to 
inoculate or seed the various media employed in the manufacture of peni- 
cillin, a few of which n*ill be mentioned here. In surface-culture methods, 
the surface of the medium is inoculated with dry spores, either alone or 
mixed ndth such matcrialsas wheat flour or finely ground oat hulls, as has 
been described by Moyer and Coghill.* The spore material is applied hy 
means of the inoculation loop, the spatula, atomizet or other method, the 
surface being covered as uniformly as possible. ^ 

The sporulation medium may bo heavily inoculated irith spores and 
then thoroughly mixed. It should, of course, be exposed in shalloiv 

layers. . 

In submerged-culture methods, the production mcdnim^ maj at 
inoculated vith drj' spores, by ungermlnatcd spores m suspension, or } 
pellet inoculums. Suspensions of iingerminated spores may ® 
in steriie O.I per cent soap solutions,' in sterile water ® 

p.p.m, (1 , 10,000) of sodium launri sulphonate,* m sterile aqueous oludora 
containing some other wetting agent, which must be non owe . . 
and penrcllm. or by other means. The wetting ogente ^ 
more uniform suspensions than can be secured with ordinary 
The suspensions arc introduced into the production arc 

pipettes, spray guns, bazookas, or other means, 
uniformly mixed with the medium by agitation mold 

Pellet inoculums are those obtained by growing Y , for 
spores under submerged conditions. The seeded 

inoculation purposes 2 or 3 days after the me lu 
mth spores. Time is saved in the pioduction s a 
inoculations. . .j„]o for the prod«c- 

Raw Materials— In the selection of the raw rcQuirements of 

tion of penicillin, it is essential to consider the nutntuc reqii 

nnd J I' StOKLS, 

i Foster, J. TP., L. JJ. AIcDanibl, H B. ooDRCrr, 

Bad., 60: 365 (19-15). 

* Moyer and Coamw., op eil , P- 57. 

» Ibid., p 79 

* Raper, Ai.EXANnER, and Coomi.!., loe cil 
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the mold, the conditions for the optimum accumulation of penicillin, and 
the subsequent extraction and purification of the penicillin. 

CARCOX SOURCES. — Of the carbon sources investigated to date, none 
has proved to be superior to lactose. This conclusion was reached by 
Moyer and Coghill,‘ Stone and Farrell,* and others. In 3 per cent con- 
centrations lactose, corn starch, and com dextrin were of approximately 
similar value for producing penicillin in media containing corn-steep 
liquor and the standard salts, according to Moyer and CoghilV but in 6 
per cent concentration lactose produced the highest j'iclds. Glucose, 
sucrose, glycerol, and sorliitol were inferior as carbon sources. Mo 3 'er 
and Coghill attributed the superiority of the lactose (and starch) to the 
fact that the pH range was more favorable for fungus growth and peni- 
cillin accumulation over a longer time than was the case with glucose and 
the other carbon sources 

NiTROGEX souncES. — Sodium nitrate has been widely used in fermen- 
tation media, both for surface-culture and submerged-culture production 
of penicillin. The usual concentration employed is 3 g. per liter. Moyer 
and Coghill* found this salt to be better than ammonium salts or urea for 
the submerged production of penicillin 

Corn-steep liquor supplies organic nitrogen to the medium. 

Stone and Farrell* reported that some ammo or ammonia nitrogen was 
chsential in sj'nthctic media for penicillin production, but that too much 
of cither reduced the yields 

MINER vLS souncEs. — Thc mineral requirements for mold growth and 
iwnicillin production have been investigale<l by Pratt,* Moyer and 
('oghill,* * Stone and Farrell,* Foster and Associates,* and others. 

Certain elements {phosphorous, potassium, magnesium, sulphur, sine, 
and copper) appear to be nccc«sar>' or l*cneficial for the production of 
penicillin, but some of them arc to he found in the corn-steep liquor. 
rota’''>ium and pho‘»phorous arc customarilj' supplied as potassium 
(iihydrogcn pho'»phate; magnesium and sulphur, as magnesium sulphate 
(MgSO, TIljO) Iron anil copper, when added to the medium, arc 
usually supplied as thc sulphates. Aeeonhug to Moj'cr and Coghill,* thc 


' Motrr and t'ociiii u, op eit , p 57 

»STo\r, U W,nn<JM A Karri li, .‘tnenr*-. IM (No 2700) <4.'5 (1010). 

• Moirn and t'oomi i., <r;i nl , p 7P 

• Kratt, U . Am. Jour Hot , 32 (No R1 52S (ll)l*i) 

• Motru atid Cooiiii op eil , p 57 

• n,u{ . p 79 

’ Srosr anil KARnri i., («■ fi( 

•r<.-«TrR, J W.H It \Vo.ii.nrrr. andl. K «, /r»»r llon.tKSo 4) 

40.'i 1910) 
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Fig. SS—Pcnicilbn-produdne strains otPenieUUum nolatum. A. NRRL 624. thenemai 

strain, ^RnL 1249. the Squibb strain; C. NRRL 1249 B21. the strain most wideb u»ed 

for surfar<v.r..lf,.^» .. . r-- Tain used for submerg^ 

i A grown on Crspe^* 

ICourtett/ e/ K B Ri^P^ 

’ ■ . •• . ■ l •74 ( 1945 )J 


addition of zinc or manganese ions to a medium containing com-sfwp 
liquor is optional. l^Tien used, they are supplied as the sulphates. 

Com-steep liquor appears to contain adequate quantities of KHjPO* 
and AIgS 04 TH 20 , according to Moj'er and Coghill,* and Foster an 
associates.* However, smaU amounts of these salts may be added to the 
production medium. 


Moteb and Coghill, op cil. p 57. „ . ,v„ 4' 

* Fosteh, J. W , H. B. WooDBUFT. and L. E. McDiNiEi, Jour. Bad ,6H. ■ 

465 ( 1 & 46 ). 
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Pratt* studied the influence of various proportions of KHiPOi, 
MgSOi-THiO, and NaTs'Oj on pcnicillm production by P. notatum in 
media containing lactose, com-stcep liquor, zinc sulphate, and phenyl- 
acetic acid. He found that the absolute concentrations of these salts in 
the best solution were KHiPOs, 0.010 M; MgSO^wIIiO, 0.002 M; and 
NaNOj, 0.019 M (a total molar concentration of 0.040). 

CORK-STEEP LiQtJon. — The use of corn-steep liquor m the fermentation 
medium greatly increases the yields of penicillin. This fact was demon- 
strated in respect to the surface-culture and submerged-culture produc- 
tion of penicillin by Moyer and Coghill.’** 

Corn-steep liquor, or steep water, is a nutnent extract obtained during 
the manufacture of starch and other com products. The role of this 
material in the production of pomciUm has been studied hy Ilowdcn and 
Peterson* \\ho reported that com-steep liquor samples from difTcrcnt 
producers showed the following anal5*8C3; 



Ter cent 


Per cenl 

Solids 

•lO-CO 

Amino nitrogen’ 

2 0-3 S 

Irfictic ncid' 

12-27 

ItNlueingeugirs, ns ghir(>«e' 

1 1 .vn 

Totnl mtriiRcn* 

7 4-7 8 

.Xsli' 

1 18-20 


■ On n dry bMii 


There i- con'«Klcrablc variation m penicillin yields from samples from 
different manufacturers and m lots from thc8.sme manufacturer, accord- 
ing t<» Ihmdcn and Peterson.* 

The optimum concentration of com-stcep solids in shake cultures ^^a3 
found by lloadcn and Peterson to be 2 per cent for both no/otiira 
NllUb 832 and P. cftri/soj/crmm X-1012. However, n concentration of 4 
X)or cent «ns obscn'cd to \k optimum uhen larger volumes of meilium 
uero us<hI uitii aeration and agitation 

Cuban high-test molas.-c<», 8U*fTamzc<I molasi-es A and R, Bacto pep- 
tone, Difeo yeast extract, soluluhzeil Uxtr, asparuguo-butl juice, gntss 
juice powiJcr, nee steep, cotton'll meal extract, grounil liver, and liver 
infusion were found to he of little value ns eom-'-teep liquor sub«tilute«. 
Although meat-scraps meal was <ome\>hat supenor to mo'^t of the fore- 
going Mibstanccs, u was inferior to com-^tccp liquor, according to Bow den 
and Peterson 

‘ l’R\TT, U . An Jour Hot . 82 (No S ItH5) 

• Miitm unci Coniuu., op cil . p 57 

• Ifiiil , j> 79 

• llonicrs, J J’ , ftiicl W 11 I’cTriWx, Arr* /liorftm , 9 iN'o 3) <1910) 
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Foster and associates^ reported that the stimulatorj- effects of cora- 
steep liquor were due in part to arginine, histidine, and glutamic acid and 
possibly to phenylacctic acid derivatives. 

ICofHcr and collaborators’ investigated the effect of certain mineral 
elements on penicillin production by P. chrysogenum X-1612 in shaU 
flasks. They found that 0.5 g. of com-steep ash (equivalent to 3 per cent 
of com-steep solids) was required /or the maximum production of peni- 
cillin ; that the ingredients of the insoluble fraction of the ash were largely 
responsible for the stimulatory effect on penicillin production but that 
both the soluble and insoluble fractions of the ash were essential for 
maximum yields of penicillin; that the physiological function of corn- 
steep ash was due to the iron and soluble phosphates; that iron was 
stimulatory to a high degree by itself; and that phosphates demonstrated 
liardjy any effect in the absence of iron. Chromium and iron were found 
to be able to increase the yields of penicillin nearly as much as iron and 
phosphates. 


Table 159 — CoMPAwsovopCon.v-sTOErLjoooB a.\d Cotto^sebv Meal with T»o 
Different Strains of P. ckrytogtnumL * 



Demeric strain XIG12 

j Wisconsin strain Q17G 

^fcdlURl 

3 

4 

5 

6 

3 

4 

5 

0 


days 

days 

days 

dal's 

days 

days 

days 

dajs 









2 per cent corn-stoep solids, 3 per 





375 

550 

650 

rrn 

cent lactose, 1 per cent CaCO* 

140 

180 

200 

120 


4 per cent cottonseed meal, 3 per | 
cent lactose, I per cent CaCO* 
Corn-stcep liquor medium plus 

190 1 

250 , 

300 

176 

520 

800 

950^ 

1,000 




0.05 per cent pfieny/acety/rfcriv- 
ative 

ICO 

' 250 

350 

300 

1,050 

1,300 

1,250 

900 

Cottonseed meal medium plus 0 05 




200 

5Joj 

93C 

1,160 

8S5 

per cent phenylacetyl derivative 

ICQ 

270 

320 

1177 


p.r .«d .re tnpl.c.t. ' 


Jour Baet . 81 : 603 U046) 

» Data tepteaeat Oxford units per milliliter ■ud ere axerafies of tnpiicaie 
on rotary shakers, 80 ml of medium per 230'inl &Ienm*yet 

/ A hi' Foster and his 
COTTONSEED MEAi/. — Cottonseed meal was louna i ^ penicillin 
associates^ to be equal to or superior to com steep 
production by P. chrysogenum Demeric X-1612 an • 

T TfriDilNtEL, B b. "* ' 

f Foster, 3. tV , II J3. lybopRcnrF, D. Perl^ian, !<>>•* 
and D Hendun, Pact. 61: 695 (IMO) „ , 52 (^’o• ll' 

* Koffler, H., S. G. Kniout, and W. C. Fhazier, Jour. • 

(1947). 
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Wi'iconsin Q176. It stimulated production hyP. nofafutn Nit I’!. S32 1)U( 
was inferior to corn-steep liquor for this strain. 

Table 159 compares penicillin production by t«o different strains of 
P. chrysogenum when corn-steep liquor and cottonseed meal were u«cd. 

piiEN'YLACETic ACID DERiVATiv'ES — The effect of pbcn\-lacctic acid 
derivatives on the formation of penicillin by various molds has been 
studied by Mo 3 ’cr and Coghill;' Iliguchi, Jarvis, Peterson, and Johnson;* 
Stone and Farrell,* and bj’ others. 

Phcnylacetic acid and such derivatives as ^-phenylcthylamino and 
phcnylacctamidc when present in the fermentation medium in suitable 
concentration act as precursors to increase the amount of penicillin G 
produced These substances also increase the over-all quantitj* of peni- 
cillin formed. 

Moyer and CoghilP showed that phcnylacetic acid markedly increased 
the j’iclds of penicillin bj' P. noMum XRRL 1249.R2I in siirfare 
culture, and by P. nolatum XRRL 832 and P. chrysogenum X'RHL 
1931. B23 in submerged cultures Amounts ranging betueen 0.2 and 0 8 
g. of phcnylacetic acid per liter of culture medium appeared to be opti- 
mum for penicillin pro<iuction 

Since phcnylacetic acid is to^ic to the molds under certain conditions, 
for e\ample, at low pll value.s, it is ncces«ar>' to observe certain precau- 
tions in connection with its use Moyer and CoghilP found that the 
toMcUv could be overcome by increasing the pH of the medium to 5 0 to 
3 8 before inoculation or l>y adding the phcnylacetic acid to the culture 
after the pH had n«on above the critical value 

HiRuchi and his a'-scicwtcs flPIfi) determined the effect of added 
plienylarctic acid dcnvativeson penicillin production liy /*. chrysogenum 
(Jlfb Information concerning their results and the fermentation media 
iiM'd liy them is Mimm.arized in Table ICO. Stud^ of this table leads to 
the following conclusions, p. chrysogrntim QI7G procluced Large propor- 
tions of penicillin K in the absence of phcnylacetic and derivatives (as 
liigli ns RS iwr rent in one niii) The addition of plienylarctic acid 
(lerivalives greatly increasetl the proportions of penicillin G produced, 
particiilarlv during the early hours of the fermentation. The over-all 
\ lehls were uNo inemnK'd by (he phciijlacetic and derivatives, especially 
by phenylaci-lic acid Coni-stecp liquor, a i-oun-e of tlic-o <leri\nti\rs, 
likewiv<« iiicrea-sHl (he proportion of ficnnillin G anil the total amount of 
p<*nicillin formn! p-IIydro\yphenjlacctic and inrrea«(sl tin* quantities 

‘Motim, \ J.nn-llt D ( .k.iiiu . /our itorl 63 3t 3--*0 (|0iri 
•Uli.Kiil, K, f i: Juuis.W il riTiR«..v nn-t M J JoMV-o\. Je./f tm 
Chrm .SV.68(.\o Si K/.OdOiro 
• .‘'io\r BJnl Kaiiioi U /<»■ rti 
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Table 160.— ErrEOi or PDENrLACEnc Acid Debivatites ox Pemciluv 
Production* 


Run 

no.' 


Compound added* 


Age of 
fermen- 
tation, 
hr. 


Total 

peni- 

cillin, 

[units/ml 


IPercentage composition of 
penicillin, in yields 


None 


^-Phenylethylamine 
Phenylacctic acid® 
Phenylacetamide 


None 

^Phenyletbylamino 
Phenylacetamide* 
Phenylacetic acid* 
p-Hydroxyphenylacctic acid 
p-Hydroxyphenylacetic acid* 
None 

Phenylacetic acid* 


42 

94 

13 

66 

233 

14 

75 

264 

12 

42 

117 

91 

66 

272 

76 

90 

435 

66 

42 

169 

88 

66 

333 

79 

75 

387 

74 

42 

119 

91 

66 

194 

69 

90 

384 

57 

60 , 

161 

1 44 

108 

569 

1 29 

60 

267 

1 93 

lOS 

726 

78 

60 

335 

103 

108 

616 

78 

60 

448 

109 

108 

673 

76 

CO 

195 

57 

108 

422 

42 

00 

209 

39 ' 

108 

462 

34 

49 

638 

30 

24 

216 

35 

CO 

1000 

67 

72 

1045 

77 


21 
34 
■ 12 
21 
26 
9 
31 
13 
33 
70 
5 
17 
-i 


47 

35 

36 
70 
65 
33 
23 


1669-1670 (1946). 


constitue 

3 and 4 i.uuuJ •«. = 

The medium used in run 3 contained W grams per Jnet. ^ „ lli*t ia run 

carbonate, 10, sodium sulphate, 1 0 The medium used in £-»,>«• 

that the steep liquor concentration was 20 e per Lte^ mrs of O and Konly.oo 

• When the differential assay results »ere calculated as a nua 

?rhe compounds were added at a level of 0 5 « per fater , and were added before 
othermse stated. 

» The compound was added 24 hr. after inoeulalion , o 12 24 36. 60^*' 

• The phenylacetic acid waa added Ifl six equal portions, at . 


ndL^l Erlenmeter Bnsbs containing 85 ml- (rn° » ^ 

j, iMr''e- 
, lum 

■ ■ ■ ■ folloewt 

k . . ? 

• . '.s»220Ltef*- 

V, *0. cslcii'® 

grams per liter, steep imuuJ jon J **'*’*'* 
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of penicHlin X produced, but, according to Higuchl and his associates, it 
appeared to be less readily available to the mold than phenyiacctic acid. 

Stone and Farrell (1946) demonstrated that the addition of 0.04 per 
cent of phenylacctamide or i9-phenylethylam5nc increased substantially 
the total pcmcillln production by P. ckrysogenum X*1G12 in shake 
cultures. 

CALCIUM CARBOKATE — Calcium carbonate is customaril}’ a constitu- 
ent of the medium used for the submerged-culture production of peni- 
cillin. The concentration used is generally 1 per cent, according to 
Raper and Alc-xander,* Moyer and Coghdl,* Stefaniak and associates,* 
Johnson,* and Foster and associates,* 

svsrnETic media. — Studies have been made u-ith the use of synthetic 
media for the production of penicillin Such media, provided tliat they 
produce high yields, have the advantage of simplifying the c.vtraction and 
purification of the penicillin. They also lend themselves to the study of 
the particular effects of an adjunct 

Synthetic media must contain adequate sources of carbon, nitrogen, 
phosphorous, pota«sium, magnesium, sulphur, iron, sine, and copper, 
according to Stone and Farrell.* The latter found that lactose was the 
best source of carbon, tiiat amino or ammonia nitrogen v as cs'scntial, and 
that all satisfactory media contained some organic acid, Optimum 
results ucro obtained ivitli acclie acid, but mi\turcs of acetic and formic 
acids or acetic and lactic acids uere nearly as good. 

Til'’ ba«al mcflitim used by Stone and Farrell* for surfaec-culturc 
•studies contained the folloi'ing ingreihcnts 


[ I’f r mil 


1 I*«T ernt 

I.arto'r 

i ■* 

Mk-SO, 7H,(> I 

i 0 0’5 

llbn il net tir nrnl' 

1 0 5 1 

rrSO. 711,0 1 

0 02 

NU.XI), 

0 5 ! 

Zi».S0.7IM> 

; 0 oot 

KUd’O. 

0 1 j 

CuPO,5II.<» 1 

0 000.'> 

VaSO. 

on 1 

1 



' Of •mo<inC at trruttc 


nie pll of this medium uas 0 1 before sterihzalion and finally above 

5 0 

• lUrrnBhil .\Li:x\snr>», for of. 

*.MoTrn,.\ J , anil It I) C'or.im i, /»wr Itari, D 70 '10 i'll 

• Sn r»sKK. iJtii-rT. }l«on>. ami Jo«S'4>n, /or rU. 

M J. \nn S Y Ae^'l .'Sr».48(\rt 2i 57{JOIC> 

• ro-Tt K. »i, J'l tiuu^v, McDamcl, Witxi n, am} Hi m<i »n. I^e e>l 

•StONT nmi rAKRlIl, l(K ClI. 
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Yields were increased by Ihe addition of 0.4 per cent phenytetic 
acid and were further augmented by the addition of 0.4 per cent phenyl- 
acetic acid and 0.1 per cent cj-sfeine or cystine. 

Conditions of Fermenlalions.—Vader this heading may be considered 
conveniently such factors as temperature, pH, aeration, agitation, the use 
of antifoam agents, and the prevention of the contamination of the 
medium. 


TE.^^PEKATUnE. — The optimum temperature for penicillin production 
by both surface-culture and submerged-culture methods is about 24®C; 
I\roycr and Coghill^ employed incubation temperatures of 2i‘’C. ±1. 
Raper and Alexander,* 24'*C.; and Stefaniak and associates,* a tempera- 
ture of 23®C. for submerged-culture production by P. notatim 832, and P. 
chrt/sogenum strains XRRL 1951. B25, X-JG12, and Ql7C. 

Stefaniak and his coworkers* investigated the effect of temperature on 
yields of penicillin by P. chrysogenum X-1C12 in submerged-culture 
production, using a medium containing 3 per cent of lactose, 4 per cent oi 
com steep liquor solids, and 1 per cent of calcium carbonate. They 
found that temperatures of 20 to 29®C. did not appreciably affect peni- 
cUUn yields at 30 hr., but that a temperature of 32^C. produced definitely 
lower juclds. 

pH — The effect of pH on the production of penicillin has been 
studied by Moyer and Coghill,** Raper and Ale.vander,'* Foster and 
associates,* Stone and Farrell,* Johnson,** Stefaniak and associates," an 
others. 

Control of the pH during the fermentation is essential, for too mg or 
too low a pH may result in considerable losses of penicillin. Accor mg 
to Moyer and Coghill, the loss of penicillin may be substantial out« e o 
the range of pH 5 to 7 5 In a normal fermentation, the pH rises roin 
or above to around 8. , . , 

The pH of the fermentation medium is influenced by t & ' n 


* .Moter, a J , and H D Cogiiili., Jour. Bad , 61 (Xo D 57, * ( 

* Raper and Alexander, loc at. 

* Stefaniak, Gailey, Brown, and Joii.vso.v, loc. ctl., . 

. SrawKiAK, J J , F B G...vBr, F G. 51. J- ^ 

5 (No. 1). 119 (19403. ,, 

» .Moyer, A. }., and R. D. Cooeiix, Jour Bad., 61 {No- 1)= ^7 { 


‘ Ibid., p. 79. 

I Raper and Alexander, loc. cil. 

* Foster, Woodruff, and McDaniei^ loc at 
> Stone and Farrell, loc. at 
Johnson, loc. c>l. 

11 STEFANiiK, Gailey, Brown, and Johnson, loe. ed. 
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amount of carbohj’dratc and the amount of rorn-sfccp liciuor present, by 
the presence of buffers, and other factors 

Carbohydrates are generally fermented with the production of some 
organic acids. Some carbohydrates, such as glucose, arc fermented 
rapidly and tend to lm\er the pH level; others, such ns lactose, are fer- 
mented more sloudy and consequently the pll changes more slowly. 
Large concentrations of fementable sugars tend to retard the pH rise in 
the medium. In a submerged metlium containing corn-steep liquor, 
iactoso, and caicium carbonate, the mold tilihtos the carbon from the 
nitrogen-containing portions of the com-steep liquor in preference to the 
lactose at the beginning of the fermentation, according to Johnson.* 
Fermentation of com-.stcep liquor raif!e.s the pH of the medium, for 
the lactic acid is consumed 

Likewise, utilization of the carbon from the amino acids lilicrafes 
ammonia which acts to raise the pH level 

nufFcr agent.s tend to maintain the pH irithin a range favorable for 
penicillin production- Calcium carbonate i< « tdely used for this purpose. 
IVhcn adtied to the medium, it raises the initial pH and tends to resist the 
raising of the pH to liigh final values. Calcmm carlionatc is not used in 
surface-culture production for it dccroa«c.<i the growth of the mold and the 
yield of penicillin 

Moyer and Cogfiill found the optimum concentration of lacto«c in the 
medium u«c<l for the 8uhmcrgc<l proibiction of penicillin to ho between 2 
and 3 p<’r cent In a medium containing 2 per rent of lactose, the pH rov 
from 7 0 to 8 1 Ix'fwecn the third and seventh (l.ny«. and in a medium 
coiil.aining .1 per cent of l.ncto«v* the pif ro<!c from 7 0 to 7 8 between the 
Ihird and ‘•cventh days 

akiutiov — Aileqiiate aeration i** e<«ontial for optimum yields of 
penicillin, for the molds .are aerobic organi«m.s and enrrgj* for snytliclic 
including the building of cclla. is aided by the pre'iencc of 
available oxygen In f>hakp-fla«k eiiUtircs. aeration is supphe<l by the 
rofnr>‘ motion of (he shaker, in the deep tank, tt i*, Fiipplietl l»y forcing air 
tiirougii the mctlmm. by means of agitation, and occ.'i"'ionally tiy the use 
of air under prevure 

The n^quirements for .a given bank uil] <lef>end upon llie diameter of 
till' lank, the depth of the rocdiiiin, the nature of the meiliiim, (he design 
of the aeniting device fsp.arger), the ile'-ign of the agitator, and other 
factors They mii«l Ik* dcicrmineil for c.ach installation Foster and 
associates* used an nirllowof ir^Orii ft per hr . an air pre««iireof .'»Ib .and 
' Johnson, Zee at 

• fosmi Woonni'iT. «n'I at 
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an agitation rate of 230 r.p.m. for a 75-gal. tank holding 200 liters of 
medium. 

Stofaniak and coworkers* found an aeration rate of 1 volume of air 
per minute for each volume of medium in 100-gal. tanks holding 200 
liters of medium to bo optimum. Taylor’ described a commercial process 
in which not loss than dOO cu. ft. of air per minute were blown into the end 
of a fermentation tank of approximately SfOOO'gal. capacity through a 
sparger. 

Johnson’ has discussed the influence of aeration on yields of peni- 
cillin. in shaker flasks and tank fermentations. In Table 161 are shomi 
some of the results obtained by him during a study of the effect of the rate 
of aeration on tank fermentations. 


Tahle ICI. — Effect or AEnATio.v Hate os Tavk PJ:nUEvrATiov*'t 
tCuIturc X-1GI2 was ero'vn on a medium containing 3 per cent lactose, 4 per cent steep 
liquor solids, and 1 per cent calcium carbonate) 


.Verntion, 
vol /min | 

Penicillin yield 

1 (70 hr.) units/ml. j 

co,t 

Age at ID5X 
Mil, level, tr. 

0 15 1 

1 I 

2.7 j 

47 

1 0 1 

^ 490 1 

8.9 1 

23 

; 

497 

10. 0 

26 


•Jonwwv, .M J . Ann A' I* Acad Sct.iU.KU 2). 57(1(146) 
t Volume of COj ref *”inute per 1,000 lolumeeof medtum. kotethlio'ir 


pnKssuuE. — The use of pressure in tanks to increase the effectiveness 
of aeration is common practice. Stefaniak and his associat^^ 7 
carried out fermentations at a tank pressure of 20 lb. per sq. in, ey 

found that reduction of the pressure to 2 ib. per sq. in, did not cc e 

fermentation, adversely, but that a tank pressure of 40 lb. per sq. i 
resulted in reduced yields of penicillin. ^ . 

AGirATJox. — The eflicicjicy of aeration and yields arc , 

effective agitation of the medium. Some data on agitation are pr^ 
in Table 157 which appears on page 732, A fermentatioa an 
aerating and agitation devices is shonm in Fig. „ ifr^ested 

ANTIPOA.M AGEXTS.— A number of chemical agents J eui- 

fot use to prevent excessiTO foam formation during the pr ‘ /oanaag 
cillin by submerged-culture methods. Prevention o exc 
results in better yields of penidllin. 


* STEFAXfAK, <jAff-Er, Bbottat, and Joimsos, lot. ci(. ,, 047 ) 
» Tatlok. T. H. M., C^em. Eng. Progress, 43 (No 4 ): 155 t w > 
> Johnson, loc. ctl. 

* Stefaniak, Gailey, Jabvis, and Johnson, loc . etL 
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Tributyl citrate M’as used as an antifoam agent by Foster and his 
coworkers.^ 

Stefaniak and his associates* found 3 per cent octadecanol dissolved 
in lard oil to be the most useful of the antifoam agents tested by them, 
which included lard, lard ojJ, 3 per Cfent octadecanol m lard oil, soybean 



>'lo no Interior » i<>w of a fcrmcntor ICvurletjf o/ T // it Ta^or, Chrm Eng t'rvg , 
43 (No 4) 155 (lai7) ] 


Oil, 3 per cent octadecanol in soylican oil, vegifat Y, and Nopco defoamer. 
Lanl, lard od, anti 3 per cent octadecanol m lard oil ncre found to be non- 
toxic in concentrations of 0 I to 1 0 per cent. Although Nopco defoamer 
and vegirnt Y were the mo«t cfTcctn'c foam breakers, they were likewise 
the most toxic of the antifoam agents cxamtnetl Three per cent octatlcc- 
nnol m soyl)can oil was toxic in t-hakc-fiavk but not in tank fermentation*. 

•ro-Tiit, Wiyinni rr, ami Mil)iMrL,/oc nf 





Soi? 4 comparison of four PenxdUxum strains Xfedium: 3 to 4 p«f «n‘ <>J 

129 (1946) J '^' ^ » Olson, and AT J Johnson. Jour. Bod . S3 (No D 
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Antifoam agents, in general, reduced the pH levels of the fei mentation 
media progressively as their concentrations were increased. 

PREVEXTION OF coxTAMiXATiov. — In no fermentation is it more 
essential to prevent contamination of the medium than in the penicillin 
fermentation Contamination usually produces rapid destruction of 
penicillin. In order to prevent contamination, it is nccessarj* to sterilize 
all fermentation tanks, pipe lines, and equipment with which the peni- 
cillin may come into contact. Steam is the agent used for sterilization of 
facilities and media. Antifoam agents must be sterilized before aseptic 
addition to the medium Starters must be added a«cptically. All air 
u^od for aeration must be sterilized 

Biochc}ntstry — Studies concerning the interrelationship of such 
factors as lactose consumption, penicillin production, pH, ammonia 
nitrogen, and mycelium weight have been made by Moyer and Coghill;' - 
Foster, Woodruff, and McDaniel;* Stcfnniak and as‘‘OCintes;*-* John'son;* 
and others. Figure 100 shows a coropanson of biochemical changes 
induced by four different strains of pcnicillin-producing molds For a 
detailed discussion of this subject, the reader is referred to the original 
articles. 

YicUh — The data on j-ields obtained by Gailey and associates’ by 
growing the molds in a medium containing 4 per cent glucose, 2 per cent 
eom-steep liquor soli<l», s.alts. niul 0 5 per cent CaCO*, and by using a 
pro<luction medium containing 1 per cent com»stecp liquor solids, 3 to 4 
per cent lucto'-e, and I per cent ('aCO* are ilhislrutive of those secured in 
submerged fermentation Tlic fcrmeniations were earned out in the 
tanks illustrated in Fig 03. each of which contained 200 liters of medium 
seedwl with 10 per cent of inoculum The medium was stirred with an 
agitator revolving at the rote of 270 r p m and aerated with 200 liters of 
air per minute The pressure within the tanks was maintaineil at 20 Ih 
per sq m temperature of 23”C wa'»U'ie<l Table 102 show ■* the yields 
of jumiedlin oblainetl from difTerent mold cultures 

Recovery of PenlcillLu. — 'Hie ohjret of the recoven. prore-.s \* tu 
soparate the i>onicdlm from the inoM protoplasm, tiie products of mold 
metaliohsm other than j»cmeilliii, and the unu'fsl portion of the medium 
During tlie proecs.s, the |>cnicillin is concenlniteii and piinrasl 

• Motm, V J , tiiai It P roonii i.. Jour Ii .’>7 (ItUC.) 

• Ih'.l , p TO 

* Fo'Trn, t\ tvituu rr, nml M« I)*Mi U 

* Sn » vNUK. ClAitrT. jAnu«. imil Johs«ov, Joe cil 

• Sti CAMAK. CtOi rr. Hiiown. an*! Joms-4»s. I.ir ril 

* f.«- f.l 

(Iaimt. r Jl J J hT»r»NHK. n II Oi.sos, ftmt M J Joiissov, Jour. /tart , 

8a 'No 1) 129 (itim* 
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Since the unused portion of the medium contains sufficient nutrients 
to support the growth of bacteria end other microorganisms that might 
rapidly destroy the penicillin, great care must be exercised to prevent its 
contamination during the recoi'cry process. The use of aseptic handling 
methods, refrigeration, and rapid handling are some of the tta}’S of 
protecting the penicillin. Sometimes a disinfectant may be added to the 
medium to protect the penicillin. 


TAnu; 1C2.— ScMW^nv or PKNicitu.v Viei-ds iv Cultpre CoifPARisov 
Expckime.vts* 
tTnnk fcrmcntalions) 



Penicillin yield 

Xo fermon- 



(ntions 

Avernge, 

Bc«t, 


uni(3/ml 

unita/ml. 

1 


OS 

7 

ICO 

215 

2 

2(C 

214 



275 

1 


255 


too 

220 

3 

157 

200 


100 

135 

2 

15S 

ICO 

2 

147 

148 


ICO 

IDl 

4G 

SCO 

55S 

c 

701 

OOl 

C 

2SC 

360 


Culture 

(Iceignntion 


S32 

1051 n25 

25009 

35217 

35317 

•15-117 

IS-U-l 

n‘38 

n-itso 

1M201 

IM205 

X.1012 

Q17G 

Q17(}-.\S 


Concurren t yield* ith 
1051.B25. units/ml 


214 

184 

245 

245 

245 

214 

165 

214 

214 

214 

245 


( 1946 ) 


CAiter. r. B.. J J H n vwu-.. ••• 

I Culture mJelj u»ml in experimenlnl iiudira ■pJ 1« «'■>' 


control purpoi 


’ I of the mold 

Tlio first step in the rccorerj’ rfMoss is ‘'“IL ''"‘’'“acuiim film 
mycelium by filtration or centrifuging. Contmu ^ 

/’i. _ I ^.Anfrifl 


ous ,. 

mycelium by nitration or •;eiii...i.n-». - „sei) fw 

Bird-Young filters, and basket . -Ped to save as 

purpose. The mold protoplasm thusseparatedistiasli 

penicillin as possible. ,u„j. „»d for concentratie 

There arc a number of general ;„clude extractit 

cillin and other antibacterial compounds, r surface, i 

suitable organic solvents; adsorption on a su , jejipitalicn 
activated carbon; low temperature evaporation, 


ANTiBIOTWS 


753 


first two of these methods are the most common and the l.ast t^^ o may be 
vised in conjunction with them, according to Kavanagli.' 

There are a number of methods for extracting penicillin and various 
modifications of these. In one method, described by Smith,® the broth is 
mixed vvith amyl acetate, or other suitable solvent, cooled, and agitatcvl 
vigorously while the pH is adjusted to 2.0 to 2.5 with an acid such as 
phosphoric acid The penicillin is transferred to the solvent as the acui 
The mixture is centrifuged (after the addition of a surface-active agent to 
prevent sludge formation in the centrifuge due to protein precipitates). 
The solvent is next agitated nith water while alkali is added to bring the 
pll to 7 to 7 5. The pcniciUm pas=cft into the aqueous phase ns the 
sodium salt. The solvent and aqueous phases arc separated by centri- 
fuging or by gravity. The pcmeillm may be taken up vnth another 
solvent and then extracted with a smaller amount of water containing 
sodium bicarbonate or sodium hydroxide if the sodium salt i.s desired; or 
with calcium carbonate or calcium hydroxide, if the calcium salt is desired. 

Better purification of penicillin may Iw obtained by using soh'cnts of 
different typos in succession, according to Smith;* for e.xample, amyl 
acetate, followed by chloroform. Occasionally a third solv’cnt may be 
used 

Although a pH of 2 to 3 is most favorable for tlic extraction of peni- 
cillin in such solvents as amyl acetate, chloroform, ond ether, the peni- 
cillin IS verj' unstable at tins pH. Therefore, the extraction must lie 
made rapidly and at a Ion- temperature 

In one large iicnicilhn-proiluction plant,* the process is c'scntially 
as follows; The mold mycelium is separated from the fermentation 
metlium by filtnition and unshed to remove traces of penicillin. Tlio 
mycchum-frec broth and washings arc mixed uith nclivafcd carbon, 
usually about 2 to 2 5 per cent by ncight, and the penicillin is adsorlicd on 
it. nie activated carbon h .«cparntoJ from the broth by means of 
filtmtion through a plnte-nml-frame filter pre®s and is ua'heil to remove 
(he broth The penicillin is eluted from the carbon with an SO jicr cent 
acetone .‘.cilntion. .1 « atcr-immi-ciWe folcenf is then risefi to remoi e the 
acetone from the solution The aqueous phiu-o, which contains the 
pcniciUin, is fcp.-vrat^l from the solvent phase by mc.ans of centrifuges. 
TJic solution of penictUm, which contains about 10 limp.s as much pcni- 
ciUin as the original fermentation broth, is coolwl to O^C awl adjustes! to 
pH 2. Tlic free acid of {wnictllm is next cxtractc<I w it h a w afer-immiscihlo 
solvent from the aqueous solution. Tlic aqueous plww, which contains 

‘ K « F , in /'myml. 1: tOl 11317' 

‘Suirii.op fit.p 3ftS 

• ,\mjx . rx- />irrtl fVnfn/uyif /?rr. SS An t> MUOilOir. 



S[CUh<-S„I-(Ul+Sl)I = 
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additional impurities, is separated from the T^-ater-immiscible eolveat by 
means of centrifuges. A concentrated solution of sodium bicarbonate is 
added to the solvent containing the penicillin for the purpose of extracting 
the penicillin as its sodium salt. The salt is filtered to remove pyrogens 
and other precipitates. It is then dried from the froren state under 
vacuum. 

Another procedure for recovering pewciUin is illustrated in Fig. 97. 

Units of Penicillin.' — According to W’cleh and associates,* the Oxford 
unit is that quantity of partially purified solution of arbitrarj'' strength 
which, when diluted in a phosphate buffer saturated with ether, results in 
an inhibition zone of 24 ram. diameter when tested by the cup-piate 
method. For the series dilution method, the Oxford unit is the amount of 
penieiJ/in that, u'hen dissoh'od in 50 ml of meat extract, just inhibits 
completely the gronih of Staphylococcus aureus, the test strain. The 
international unit is the specific penicillin activity contained in 06 
microgram of the primarj' standard, cO’stalline sodium penicillin G. One 
milligram of the Intcmattonal Standard is equivalent to 1,067 units 
crj'stallino sodium penicillin G. 

Testing and Assaying. — Since September, 10-13, the Food and Drug 
Administration, Federal Security Agency, has tested each lot of co^IaIe^ 
cial penicillin for potency, sterility, to.xicity, pjTogenicity, moisture 
content, etc. IntoTwation concerning these tests and methods for assaj 
for antibiotic drugs, including penicillin and compounds containing jt, w 
published under Title 21 — Fo^ and Drugs, Chap. I — ^Food and Drug 
Administration, Part 141, in the Federal Eegister. The certification o 
batches of penicillin is considered in Part 140 of Chap. 3. 

The following Food and Drug Administration regulations fo^cs s 
methods of assay of penicillin have been published in theFed^^ cgj- cr 


Section 
141 1 
141 2 
141 3 
141 4 
141.5 


Sodium peiucUliD, calcium peniciUin, potassium peaici^, 

J ™»nicillxn. potassium peniedJm; s tenm y^ 


Sodium pcmciJIiD, calcium penicilbn, potas*iuui . 

(a) Moisture 

(b) pH 

(<n ll.cro'copical lest for cr^^allmity of eodiom penJcillii .ai po 
peniciliin 

(e) Stability of cij'stalline penicUIin 
(J) CrystaUmc penicillm G 

(g) Penicillin K content ^ 

Welch, H., R. P. HviivncK, and A. C. Hmmm, Jour. Am. Pt>arm 
PAarm. irrf., 6 (Ko. 4); 93 (1945). 

* Federal Register, Apr. 4, 1947, etteq 
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Stctian Tiitt 

141 .C Sodium penicillin, calcium penicillin, potassium pcmnllin, pcniciljiii X 

141.7 renicillin in oils and wa\ 

141 .8 Penicillin ointment 

141.9 Tablets buffered penicillin 

HI 11 I’enicillin Tvith aluminum hydroxide gel 
141.12 Penicillin troches 
HI 13 Pcniciibn dental cones 
141.14 Penicillin with rasoconstrietor 
141 15 .Penicillin for surface application 
141. 1C Tablets aluminum penicillin 

141.17 Penicillin sulphonamidc powder 

141 . 18 Penicillin vaginal supposuorics 

141 . 19 Buffered crj’stalline penicillin 

141.20 Capsules bufTcred penteiUin with po^tm hvdroUsatc 
HI 21 Crystalline penicillin tablets 

141.22 Penicillin Bougies 

HI 23 Crj'stalhne penicillin and epinephrine in oil 

HI 24 Aluminum peniciUm 

141 23 Aluminum penicillin in oil 

14120 Procaine penicillin 

141.27 rroc.iine penicillin in oil 

HI 28 Penicillin for inlinlaiion tlicrapv 

A study of the foregoing titles indicates the various types of penicillin 
products Hint are being marketed and ll»c large numi>cr of tests and nwy» 
that arc made by the Food and IMig Administration 

A number of method* have been dc\x<e(l for a^aying tiie potency 
of penicillin, some of which arc referred to in Table 103 The mo'^t 
important of those mothoch is the eylindcr-platc method, \'hieh was first 
described by Abraham and his a«=oeiatc.s * Hcbmidt anil Moytr‘ refinetl 
this method, and Schmidt* further modified il. A device for placing the 
cylinders ot\ the a'^say plates was developed and described bj Hce\ rs am 
Schmidt.' In mmlified form, the cylmder-platc method is the stamkird 
method of n‘'«ay \i=e<l bj' the Food and Drug Administration. 

Other biological methw!** cvis-l for dctermmmg the potency of i>rni* 
cillin ill broth eoncentrutes, pure solution-, blood, and Ixxly llimis. 
Among these may Ik- meiitione.1 the turhidimclric metluxl propo<=e<l by 
nomiiiR* and Abraham anil as.«ocialc.s' «•« an altcniate met io( am 


'.\nnMi<M,I, P.l. ^f FLrrvifrn. A n Cm 

M A Jr\Msc.a. and I! 'V fixiarr, //flncrr,2 

»SciiMii)T,U If,«n<lA J MojrH.Jwr Hart. 

•Fciiuiut, W ]] . Hull IleaM Organixation of tk/ 


iKUNEn. N O lb «Ti-Kt. 

Ill 177, JS9 OOII) 

2; 199 ilOH). 
of .Volion*. il it iK Nft 


9>. 2.59-2117 (19JV 4(ii . _ . 

Mtrr^L^.M D.an.MV It fn iiMinr. /««.r «rtcr.49(No 4> 39.'. 1191 .) 
‘ lUffiUrr. \f.riJ 4. 1917. 13 I' It- 2215. 2217-222*5. rlr 

• r. rwiso, A . /lr,t Ja»T Hipt /'«»« . 10-* «« 
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described by Foster* and others; the serial-dilution method described by 
Schmidt and hXoycr;* and the experimental syphilis method of Rake and 
coworkers.^ 

Chemical and phj'sical-chcmical methods for separating, assaying, and 
analyzing penicillins have been developed, which include, amongst others, 
the chromatographic method of Martin and Synge;* the chemical-assay 
method for penicillin G, described by Sheehan and his coworkers;* the 
infrared analysis of penicillins, reported by Barnes and associates;* and 
the chemical assa}’ method of Murtaugh and Levyd 

Improved methods for separating various types of penicillin have been 
developed by Fishbach and his associates,* and by Craig and felloe 
workers.^ 

Procedures have been devised for estimating the quantities ol each of 
several different typos of penicillin. One of the first of these was reported 
by Schmidt, Ward, and Coghilh'^in which two test organisms were used. 
Buck and associates*' dc\'ised an in vivo assay procedure in which mice 
were cKpcrimcntally infected with BorreUa novyi. Later Higuchi and 
Peterson*’ described a method wherein three test organisms were used 
(Sta^hijloccus aureus 200-P, Bacillus brevis, and organism "E”)- 

Donovick and collaborators*’ ha\’e carried out studies on the “quanh- 
tativo difTerontial anab’sis of mixtures of several essentially pure pe&'*' 
cillm types.” ^ 

A qualitative test for peniciUln has been described by Kavanagn. 


' Foster, J tV , Jour Chen, , 144: 285 (1W2). 

‘Schmidt, W H , and A J Mover, Jour. Bnd , 47 (No 2); 199 (19 g, .,,2 
» Rake, G , B Di njum. and R. Donovick, Jour. InftcUaut Dikq5«. 6 i . - 

‘ JUUTIK, A J. P, and R L. JI. Svkce, Biodirm. 3S; 1358 ,, 0 ? 

. SuEEiiAK, J C , W J Maoeb, and D J. CaA«, A-a, CAm to , 68 . 

■ Babkes, R. B., R C OoBi, B. F. Wiiuams, S G. c."' tok' 

Paper presented at Conference on Antibiotic Research, ' ® vLinnallnstitute 

and Feb. 1, 1947, under auspices of the Antibiotics Study cc inn» 

• 1 nje 

‘ Murtaugh, J , and G B. Levy, Jour. Am. Chem Soc., • ^ /jnje). 

« Fishbach, H., M Mundbll, and T E. Ebie. ^ »t ’ciRpESTSS, Unpub- 
» Cb-lig, L C , G H. Hoceboom, V. DuVioneaud, an v-tronal Jasfitute of 
lished report distributed by the AJrtibioUcs Study c lo . 

Health , r„,, 49:411(1943) 

>» ScHiiiDT, W. H . G E. Ward, and R D. CoailiLt, Jou^ 'oyosp 370 (I9l5k 

• ‘Buck, M.A.C FARB,andR J- Scmnctzeb, .SoeRW, \ ^ 19 : 63 ( 1917 ). 

1 * Ilioucm, K , and W H. Pbter-«»k, [nd. £nj Ckem , ^^ 547 ) 

“ Donovick, R , D L^pedes, andF Pansy, j®*""' ^ ’ 

•‘ K.VVANAOH, F , SoKnee, 105; 189 (1947)- 
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Limitations in methods used in testing antibiotic substances have been 
discussed by Welch, Randall and Knudsen, and others. 

CylindcT-Plaie Method, — This method has been ividely used for 
determining the potency of peniciilin and, as described beloir, is the 
standard test used by the Food and Drug Administration* for sodium, 
calcium, and potassium penicillins. 

The test, in brief, consists of adding 21 ml. of a nutrient agar to a 
sterile petri dish of greater depth than that ordinarily used for bacteiio- 
logical studies, allowing tlio agar to harden, adding 4 ml. of a second type 
of nutrient agar wliich has been seeded with the test organism, spreading 
the seeded agar uniformly over the surface of the base agar, permitting it 
to solidify, dropping four sterile cylinders onto the agar, tilling tlie 
cylinders witli suitable dilutions of the working standard of penicillin and 
of the sample of penicillin l>eing asvtycd, incubating the plates at 37®C. 
for IG to 18 hr., measuring the diameters of the zones of inhibition, 
making certain calculations with llic data obtained, and determining the 
potency by reference to special charts. 

The materials required for the test arc the test organism, three kinds 
of media, petri dislics, porcelain covers for tlie petri dishes, cylinders 
(cups), and suitable dilutions of the working standard of penicillin and of 
the sample of penicillin being tostc<l. 

TEST onoANiSM. — Tlic tcst organism is a special strain of Staphy- 
lococcus aureus, designated as F.D.A. 209-P or No. 0144 of the American 
Type Culture Collection, Washington, D.C. 

cut.TUUE MEDIA. — Tho ingredients used in the preparatira o 
culture media must meet the requirements of the U.S.P. or ‘ ^ 

ever, tho media may be prepared from dehydrated mi.'itures an i 
water, prodded that they have the same composition when reconsti u e 
Likewise, “minor modification of thcindi%udualingrcdientsareperimssi 

if the resulting media possess growth promoting properties a eas e 
to tho media de.«cribed."- . j f^r 

A nutrient agar medium of the following composi ^ 
carrj'ing the test organism and for the seed layer, whic maj 


noted as medium 1 : 

Peptone 

Pancreatic digest of casein 
Yeast extract 

Beef extract • • ' 

Glucose 

Agar 

Distilled water, q s 
pH 6 5 to G 6 after gteniwation 
> Pood and Drug Administration, Federal Refftster, 


6 Og 
4.0g 
3 Og. 
1 5g. 
1 Og 
15 Og 


"" 1,000. Oral. 


Apr. 4, 1947. 


* Hid. 
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A nutrient agar medium of simpler composition, n-hich may be 
designated as medium 2, is used for the base layer: 

reptone 
Yeast extract 
Beef extract 
Agar 

Dwtillcfl wafer, fj s 
pU 6 5 ta C G after r-tcTvUialK'ft 

A nutrient broth medium, nliirh is ti«cd for the preparation of an 
inoculum of tlie test orgam.^m and nhirh may Jx? designated as medium 3, 
has the following composition. 

JVpfone . 

Ycftst extract 
Itccf extract 
Sodium chloride 
Glucose 

Dipota««iuin phosphate 
rotn«xium dihydrngcn phosphate 
Disttlled v.ater, a s 
pll 7 0 after Bterdiintjon 

PETIU DISHES. — These should measure 20 by 100 mm. Porcelain 
covers, which are gla£c<! on the extenor, arc used for the test 

<n'i.iVDK«s {cvfb) —The eylmders are made from stamle«s steel and 
have the following measurcmeniR out.«Mlo diameter. 8 mm ( iO.I mm I. 
inside diameter, 0 ram (±0.1 mm ), and lengUi, 10 mm. (±0.1 mm ) 
THE woHKixo ST^vusiiD. — Thc working .standard of jifmcillin is 
ohlamcd from llic Tood and Dnig Administration. It is kept in tightly 
stoppered vials, which an.' stornl in larger sloppcml lulies containing 
anhydrous ealeium suljjliate, and n’fngcrated at l!i®r or at a 

lower temjicniture constantly From 4 to 5 mg of the working standanl 
arc w cighed out in an atmosphere containing 50 per cent or less of relative 
humidity and ii-ed to make up a Mock foliilion ol the des/ml roneentra- 
tion. Sterile 1 per rent phos/dmlc biifTcr at a pll of HO is used for 
diluting the {K'lucillin The stock wdutinn is Ptoreil at a tcmpcrnliire of 
about lO’C for 1 day only Working dilutions an? prrp.ired from the 
stork solution. 

rwi.i'MisTios OF n vri.t. -Tlus rooMsts «»f adding 21-ml portions of 
immoeiilafeil nufnenl agar /inMhiim 2) to «(rnle {xUn cli'lics, allowing il 
to politlify. adding I ml of seisiei) ngar to the -urf.arr of the ha«e agar in 
e.seli plate, and dropping the cylinders tuito the M>ei|etl ngnr 

'Hie Mssled agar H pn’parr«! as foUnws Tlie test organi-m, which is 
rarrnxj on slant sronl.miing mcxliiim 1 nnd Iran-ferml nhoiil onrea week. 
M usmI to moiulate niHneni Imilh (medium 3) Tlie liroth nilturc is 


fi 0 K. 
1 5 g. 
1 5 g 
3 S g. 
I 0 R. 
3 CSg 
J 32 R 
1.000 0 ml 


C Og. 
3 Op. 
J 5g. 
15 Or 
l.OOO Q ml 
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incubated at 37»C. for 10 to 24 hr. Two milliliters of this oullnm 
mixed thoroughly with a lOO-ml. portion of the agar (medium 1), ^^hich 
has been melted and cooled to Pour milliliters of the seeded agar 

are placed on the surface of the base agar in each petri dish and spread 
uniformly by tilting the dish back and forth. 

A suspension of the test oi^anism, ivhich may be used orer a period of 
a week, may be prepared instead of the broth culture for seeding the agar. 
The test organism is gronm on an agar slant (medium 1) at 37®C. for 24 hr. 
The grou-th is washed from the surface with 2 ml. of sterile phj-sielogioaJ 
saline solution and transferred to a large surface of agar, for e.xample that 
proWded by SOO ml. of agar in a Roux bottle. It is uniformly distributed 
over the entire surface of the agar by means of sterile-glass beads The 
seeded agar is incubated at 37®C. for 24 hr. and at room temperature for 
24 hr. The growth on the surface of the agar is suspended in 50 ml of 
sterile physiological saline. The suspension thus obtained is standardized 
“by determining the dilution which uill permit 20 per cent light trans- 
mission through a filter at 0500 angstrom units in a photoelectric colorim- 
eter.’’* Each lOO-ml portion of medium 1 is inoculated with 1.5 to 2.0 
ml. of the standardized suspension. Four milliliters of the seeded agar 
are added to each petri dish containing 21 ml. of base agar, os described 
above. 

The stainless-steel cylinders are stcrihzed In separate containers, 
cooled, and ascptically added to the surface of the seeded agar by dropping 
them from a height of 0 5 in. with a mechanical guide. Fovu cyHndcrs 
are added to each plate, separated by about 90® intervals on a radius o 
28 cm. The petn dishes have porcelain covers, glazed on the top. 
PHEPAKATiox OP TUB SAMPLE. — A stock Eolution of the sample eiaff 


assayed may be prepared by dissolving it in Hterile distilled nater. 


ASSAY, — A total of four petri dishes, each containing four 
are used for each samp/e. Tivo cylinders m each plate are ® 


are useu lur eacit j. ^ 

dilutions of the working standard and two for dilutions o o 
One cylinder in each plate is filled vith a dilution of the n <**" '*”^ ^ ^ , 

that contains 1.0 unit per ml. of penicillin. A second cp m 


plate is filled with a dilution of the working standard jj 

0.25 unit per ml. A third cjdinder in each plate is n 

an estimated 1.0 umt per ml.^ A 


dilution of the sample that contains an estimatea . (hat 

fourth cylinder in each plate is filled with a dilution o ic 


fourth cylinder in each plate is nueo 'vuu o. ver>' 

contains an estimated 0.25 unit per ml The p n cs ar 
carefully in the incubator spaces and stored for inhibition 

After the incubation period, the diameters of the gtich 

measured to the nearest 0.5 mm , using a suilab e mea. 

' Ibid 



AKTIBIOriCS 


703 


as a colony counter containing a measuring scale (in millimeters) etched 
into the glass that supports the dish over the light source. 

ESTIMATION' or POTEXCY AX'D ERRon — In ordcr to determine the 
potency of the sample, certain values must be calculated from the ns«ay 
data and used in connection with the chart shown in Fig. 101. The 
values required are designated as V and H’. lliesc values may be deter- 
mined by adding together all the i’ values and the ir values, respectively, 
for all the plates The e value for each plate may he determined by the 
following formula- v = (I’l + f’«) — (St + Sn). The tr value for each 
plate may he determined by the following formula. 

tr = (r„ + S„) - (ft + St) 

Sk and Su represent the diameters (in millimeters) of the zones of inhibi- 
tion of tlio 1.0-unit and the 0 25-unit dilutions of the standard, re<pec- 
tively, and and ft, the diameters of the rones of inhibition of the 
corresponding dilutions of the tost sample ;Utor the u' and e values 
have been calculated, the point on the chart (Fig. 101) that corresponds to 
these values is located and the potency ascertained from the radial lines. 

The chart should not bo u«ed for determining the potency of n 'ample 
wherein the potency is lower than 50 percent or higlier than 150 per cent 
of the ^tandard Where the potency vanes to tliis c.vtent, flic ass.ay 
should he repeated. U'ing a higher or lower dilution of the sample 
For details eoncerning the procedure to l>e followed in c'timating the 
error of a.s.sa.v. the n-ador is refcrretl to J^art 141, Chap. I — IWl and 
Daig Ailministraiion, 'I'ltlc 21 — Food and Drugs 

SertaMifu/wti .Ufthwi —nil's method may Ik* U'cd to a".iy the peni- 
cillin in culture liquor or in concentrated eibereal solutions and is -imiile* 
and fa-sf, according to Schmidt and Moyer ‘ In linef, it eoii'i'ts of 
prepanng an inoculum of the test organi'm; filtenng a -ample «)f fx-ni 
cilliii, if this is neres.-.'ir)', prt'paringihlutions of the i>rnirillin w uh etilnirc' 
mc<)ium ^ocde<l w illi the test organism; meubating flw ful*es; re.uliiig the 
results, and calculating the potency in terms of units 

Tlie test organism, Staj>hiih>ro<Tiin aurru^ P I) \ is gniwn at 

37®C lu a meiliuni of (he following romjK>-ilioii. whirli is mtslium II of 
Schmidt and Moyer.' 


IVjitone (Ilirtoi .> Ok 

Vpa.«t rxtrncl (Ilirtei I 5 g 

Il«xfrXlrnPl (Il-lrliii 1 K 

f«liiPo«o. tiM]rnl<s| ir«^l.,Mi 1 O j* 

fisliuni rliliiriclp .S g 

I jw r nl I'tifr-jit il«' I'HfIrr |>ll 7 O .V¥) fnl 

l>i«(ilt<-f| ntlrr t<i nnl< I OO nil 


‘ N itMieranJ Morrn. ol 
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fliD 1 per cent pliospliatc buffer is made up by diaiolving 2.63 g. of mono- 
potassium pho^pliato (KHjPO^) and 7.30 g. of dipotassium hydrogen 
phosphate (IvjIIPO^) in distilJed wafer and ndjusting the find valme to 
1 liter. Schmidt and Moyer* advise heat-stori!izing the buffer to prevent 
microbial contamination and saturating the solution with toluene ivhen ji 
is employed to dilute solutions of penicillin. 

\\lion the test organism has incubated for 20 hr. in broth medium 
described above, 1 ml. of the broth culture is used to inoculate 200 
ml. of the same medium that has been sterilized and cooled in a 500-ml 
Ericnmcycr flask, flic seeded medium is u.'sod as the diluent in preparing 
dilutions of tlie pemcillm in a scries of sterile tulles. 

The penicillin sample is renderwl free of bacteria by passingif through 
a Seitz or sintcrcd-glas-i (grade 5 on 3) filter, according to Schmidt and 
Moyer.' 

Dilutions of the penicillin sample in the broth containing Slaphj/lo- 
coccus aureus arc made iw follows: One milliliter of the sample of peni- 
cillin is mi.xcd with 9 ml. of the broth to give a 1:10 dilution. One 
milliliter of tlie 1 . 10 dilution ismi.\'cd in turn with 9 ml. of brothtogi'e 
a 1:100 dilution. One-millilitcr portions of the 1;100 dilution of the 
sample mixed witli 3-, 4-, 3*, and 7*ml. portions of the broth }'ield 
dilutions of 1.400. 1.500, 1:000, 1:700, and 1:800, respectively. One- 
half-millilitcr portions of the 1:100 dilution of the sample mixed 
4-, 4.5-, 3-, and 5.5-m/ portions of the broth yield 1:900, 1:1,000, 1:1,100 


and 1 . l,2QQ dilutions of the sample, respectively. 

The contents of the tubes arc thoroughly mi.xed and then the tubes are 
incubated at 37‘’C for 18 or 40 hr. -if 

ll'hcn tiic tubes arc observ'cd at the end of 18 hr., the reciproca o 
the highest dilution of the penicillin sample which prex'ents 6*^" ^ 

Staphylococcus aureus in that time is multiplied by the • ' 

which is the approximate number of Oxford units of pemcr m ^ 

to inhibit the test org.'inism. For example, if a dilution . , 

^'cnts grou th of the test organism but a dilution of 1 : 1,200 ocs no , 
are 1,100 X 0.045 = 49.5 O.xford units per ml of sample. . 

\nien the tubes are obsen'cd at the end of 40 hr. (n ic ^ ^ 

Moyer recommend as the better time, for the results are ro 
and easier to read), the factor is 0.1 (the appro.ximate num e ^ 
units per milliliter required to inhibit P''!"’* ° ‘ ^Lnism tat a 
Thus, if n dilution of 1 500 prevents growth ‘J;® ® ■, per nil 

umo dilution does not, there nm 500 X 0.1 = 50 Oxford units per 


of sample. 


I fbtd. 
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Some Uses in Medicine. — Penicillin is u'^d bj' members of the mc<lical 
profession for the prevention and treatment of infections caused by staph- 
ylococci, streptococci, pneumococci, gonococci, and certain other Gram- 
positive organisms. 


Table 161 — Some Penicillin Prodccts, PoTFXcrEs, and Mannehs or Use 


Product 

Poteney 

Manners of use 

Crystalline penicillin G (bo- 
dium or potassium) 

100,000/vial 
; 200.000/vuil 

5ei0.000/vLal 
, 1,000. 000/vial 

Jn sterile i«otonic sodium 
chloride solution (or in pyro- 
gcn-frec sterile distillrsl 
wafer or in sterile 5 per cent 
dextrose solution) intraven- 
ously. intramuscularly, or 
subcutaneously 

Crystalline penicillin G (cal- 
cium or sodium) ui od and 
beeswax (Romansky for- 
mula) 

300,000units/n)l of oil- i 
beesw ax mature 

Intrnmu'-cularly (never In- 
travcnously) 

Crystalline penicillin G (so- 
dium) m ncbulize<l normal 
aalme 

200 (XtO units 

Inhalation 

nutfcreil erystallinc pcniciU 
bn 0 (sodium or potas- 
sium) tablets 

50 000 units each 

100 000 units each 

Or.lli 

t‘r>«talline jienicillin r, 
troches 

1 .» 000 unlts/t^»che 

1 

Oralli 

1 

Penicillm ointment derma- 
tologic 

1 OOOunits/g 

j Topienll} and localh 

Penicillin ointment ophthni- 

1 1 .000 unito/g 

t 

Tsicnlh 


According to Keefer,* the um? of ponicilhn is indirate«l for rtnphylo- 
coccic mfectioii«, such ns baclenal endoraithtiH, r.arbuncles, infectious 
demintitis, empyema, funinculo-m, tneiiingitis, osU'omyelitis (unite or 
chrome), pneumanin, wounds and hunis, for strrptcKNXTie infertions. 
Mirh JLS cellidilis, endoranhtis, mii'toiditis. pentomtix and pueri>end M’p- 
ws, for piuumoeorcic infections, micIi as empyema, meningitis niu! pneu- 
monia, partirul.arly Fulphonamide-resistant ra“<*s, for malignant <s|pma or 
•Krirrw. <■ \,JoMr .tm itrtt , 132: 1217 1 1013 1 
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gas gangrene caused by clostria, such as Cl. mid, it mi Cl. sporogem;wi 
for gonococcic infections, anthrax, r-incent's infections, eo-sipeloid and 
other infections caused by penicillin-susceptible organisms. Penicillin b 
indicated for use in preventing sccondaiy infections which may folloir 
tooth o.\tractions, tonsillectomies, or other operations. Penicillin has 
proved helpful in (he treatment of actinomycosis, diphtheria, and sj-philb, 
but further study is necessary in order to fully evaluate these uses. 

Penicillin is inelfcctivc against Gram-negative bacillary infections, 
sucii as typhoid fever, dysentery, undulant fever and tubaremia; J/yce- 
bactcriim tuberculosis; Hemophilus injltiemae and II. pertussis; Paslrurtlla 
ppslis; Vtbno comma; Kbebsiclla pneumoniae; Monilia albicans; Tricho- 
monaa varjinaUs: etc. 

STREPTOMYCIIf 


Historical.— Streptomycin, which was named after the genus of antin- 
omycctes {Slrcptomyccs) that produces aerial mj'celium and sporulates, 
was discovered in 1943 by AVaksman and his associates at the XJ. Agri- 
cultural Experiment Station, Rutgers University.^ The finding of this 
chemotherapeutic agent culminated c.ttensive sun'cys and numerous 
analyses and tc.sts, all part of a search for an antibiotic that would be 
effective against Gram-negative bacteria, bacteriostaticalJy, bactericjd- 
ally, ill vilro, vi vivo, and in the presence of body fluids, and that would be 
relatively nontoxic to the cells and tissues of the body. 

Types of Organisms against Which Effective.— Streptomycin is 
particularly destructive of Gram-negati\'c organisms, for example, Esch- 
cridiia coli^ Aerobaclcr acrogcncs, Pseudomonas aerugifiosa, Shigdla 
liuarvm, and Serratia ntarccsccns. Urinary infections and baeterem^ 
due to Gram-negative bacteria, meningitis, and other infections ca«- 
by Hemophilus tnjlucnzae and especially tularemia, are some e 
cases that may be treated successfully -ssith this antibiotic.*-* 
promise Js held in connection with the treatment of tuberculosis, w 
streptomycin exerts a slow hut positive effect against the • 

the disease, which is caused by Mycobaclerium tuberculosis 
tive sporeforming bacteria, such as Bacillus ® ‘ of 

certain strains of Staphylococcus aureus, are susceptible to e u 

this antibiotic. _ ^ Vrooreaa* 

Table 165 supplies information on the sensithritj' of sozae rai 


isms to streptomycin * . o » iw 65;^ 

■ ScitATz, A., E. Bucie, and S A. Waksm-^k, PtOc. Sac. Expl- > ■- 

^*^*iYrcoi5, D. R., and IV. K HEiatELh Jour, Am. Assoc-, 132 (No. ^ 

* Committee on Cheraotberapeutiesand 

Jour. Am. Med. Assoc., 132 (Xo. (1«6);132; (>o. 2). 

* Waksuan, S. a., and A. Schatz, Jour. Am. Pharm. • 
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Tabi,r 1C5. — IIasoe in SENsirmTr op Gnw-PosiTm: and GR-^w-N-Ec^Tn 
Cactehia and Actinomycftes to the Bacteriostatic Actxov or Streitomtcin' 


Grnm-ncRatuc orKani«frA 

1 Mirnw^ftms per cubic centimeter 

Arrdfacter aerogenes 

0 S 

01 0 

Bacillus anthracis 

0 375 


Brvcelh abortfs. . 

0.5 

3 75 

B. meblm$ia . 

0.5 


B. KU1S 

0 5 


Ebfrthella typki 

1 ' ° 

37 5 

Erysipelolknx munarptim 

26 


Eschmchia eoh 

' 0 3 

3 75* 

E. cotitnuntor 

> 1 0 

4 0 

Hemophilus irijluemne 

1 1 5 G 

5 0 

// pi'rluAAi* 

1 1 25 

3 0 

KUbsirlla ozogenes 

0 375 

1 5 

K pneumoniae 

' 0 C 25 1 

250 

Malleomyces mallei 

1 10 0 

>10 0 

Eetsieria gonorrheas 

1 5 0 


X. inlraeellitlarrs 

5 0 


J'atleurelh IspitepUea 

0 5 

2 5 

J‘ pesiis 

1 0 75 

1 1 5 

P tularsnsis 

0 15 

0 3 

Proteus milgaris 

1 0 4 

3 2 

Pseudomonas aeriiginoea* 

2 5 

25 0 

Salmonella arrlrpeke 

4 0 

10 0 

S rnttriliilis 

0 5 


S. srhotlmUllen 

2 0 


S sutpr^li/er 

00 0 


Shigella para’l'/eemleriae 

0 25 

3 75 

Vihrio eonima 

0 0 

37 5 

ririiTiupii«itn<‘ org-itii-nH 



Aflinomi/res ioets 

3 75 


Cloitri'lium iulyrieiim 

0 31 


Cl srplinim 

>105 


Cl ronlelli ’ 

>105 


Ct Utant 

>101 


Cl trelrhii 

>101 


Corgnebartenum diphlhmur 

0 375 

3 75 

Diptoroenis pr,rumnntar 

0 0 


^{ tuberruto'ii. por hnrnnie 

0 15 


Stiiphyleteorciit aueeut* 

0 5 

• 11. 0 

Sireptoromit feralii 

50 0 


SirepI hemolytirui 

2 0 

•10 0 

.C/rrpf liirtit 

4 0 


infimrlu* 

5 0 

2.5 n 

EirrpI nn {.tnt 

>10 

120 


’ Tlw r'>nmlt(M- nn «llW Af'au. N«l4<i«>l R'«'«rrk r,r;n'.l Jnt .(« 

J/>i Aitm lit 4-n(S,,t 7l ;r>r7>-v|I l« l»<6) 

’ of («r mU' r»n«lro»i«-r H •wU* I* in. r~j'iir^| t/. Ia) ,T^t »ro»iK. 

*rt.t Pt IfinlMI) r~i >rx| ;‘.A rrjr,..«tir» 

• Lftvv n y Hmt I<4I| «T*f 2V* f>* rm 

«■> I^UUi 

* f^Jon L*rEli t.»v« r*r’'<na4 tn r^xJr* CAO lo tnW] t:dt*^-tT%n» ^ r«. rm. la Ul'l.i 
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Structure.— Streptomycin has the chemical formula C:iII„X,0„ 
It appeara to consist of streptidine linked glycosidally to streplobiosa- 
rn'rr '‘ylrob’zcd in an aqueous acid solution, streptidine 

an optically inactive hydro.vylatcd base and one of the 
sterooisomcric fornis of l.Migiianido- 2,d,5,(!-telrahydroxycyclolie.uine, 
is formed.® Streptidine has the following structural formula.® 

OH 

ill .VH 

/ \ J[ 

CHOU CH-NH-C NH, 

iiioii i non 
H.Ncni 

An 

Streptidifio 


When streptomycin hydrochloride is treated with methanol containing 
hydrogen chloride it is degraded to streptidine and a streptobiosamine 
derivative.* "Wlien the streptobiosamine derivative is subjected to acid 
hydrolysis, N-methyl-/-gIucosamine is produced:* 


cnoH 

CII.XHCII 
IlioH 
Hoin 

ill 

in, on 

N-MethjW-clocosamino 


Kuehl, Jr, and his associates* have proposed the 
formula for streptomycin, in which streptobiosamine is attached a 
number 4 carbon atom of streptidine: 


1 Dama, N, G., F. A. Kucni, Ja.. and K. Foc'aas, .«J 

> Peck, R. h.. R. P. Ga«Ea, A WacTi, E. W Peel, C. E .lorrBM, 

K. Folkers, Jour. Am. Chem Soc, 68: 29 (194G). ™ r W Hollt, B 

. PEoa, n. L., C. E. HoEamaE, J. , E W. Peec, R P- 

Moningo, and K. Folkers, Jowr. CAem. Soc, 68: ( ‘ j Poi-kek'. 

^ Kuehl, E. H.. Jr , E II Fetnn. F W. Holly. R. Moxmoo. and K. 

Jour. Am. Chem. Soe , 68: 536 (1946). t* w Peel and K. Folk* 

* Kuehl, F A , Jr , K. L Peck, C E IIorrHiNE, Jn , ' • 

ERS, Jour. Am. Chem Soc , 69: 1234 (1947) 
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HOCII 
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sinoH 
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nt- 
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[ 
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ill. 


rnTS'nin 

nion 

iioin 

in 


Properties of Streptomycin. — Slroptomycin is soluble in wafer and 
in‘>olublc in acetone, ehloioform, and ether It is readily adsorlvd on 
eliarcoal from alkaline solutions ami may bo elufed « jth dilute acid solu- 
tions. Streptomycin is relatively .stable. AcconlinR to RcKnn, Wn-s-sole, 
and Solomons,' there was no loss of potency m commercial samples lliot 
were stored at room temperature for 12 months and that contained less 
than 1 per cent of moisture. They also reported tlual there was no loss 
in potency over a period of CO days m aqueous .s.-implcs of strepf omycin at 
apll of 3 to 7 and stored at or below 2S®C However, a oOfier cent reduc- 
tion in activity resulted from storaRc of a ftreptomycin solution at a pH 
of .j 5 and at a temperature of 05®C for 37 hr AccordinR to Waksman 
and Scliatz,* less than 50 per cent of the activity of sfrcptomycm was 
dc'troycsl by heating it at lOO^C for 10 mm Oswald and Nirlson* 
reported that solutions coritaininR 100 ami i.OOO units jx'r ml of sjtfiitt>- 
mycin at pll C 0, 7.0, ami 8 0 and stonnl at J0®C were stable for 3 months. 

SlrijiiR alkaline poludons arc dcstnirlive to sirc-ptomj cm, the action 
l»emR verj' rujiid when the solutions arc hoilctl. 

Streptomycin is hiRhly resistant to the action of enzymes anti other 
hioloRical agents. 

Cnide and highly concenlmted N»hd preparamms are hygrn-copic 

Toxicity. — Stn-plomyem is rrlntisely n<mtu\ie !«> man Hstiri'-ive 
studies ciHiconiing the loMnlj of ^tn•ptomyrln h.ne Iss-n rarne<I out by 
Molitor,* by Molitor anti asstx'iates.* by llobinsun * b\ Hrown ami Hm- 

' Urns.. P P . I.. \ WA*«ri r. ami I \ yor»? //nV ( Arfn , 16S: 0.11 

• Uaksu.s and St fnr rit 

• Ohh (i(>, II J , and J I\ Nirt>» >, 105: IS| i iwir , 

‘ ^lt^uT«.R, 11 . ,lnn .VI .tm/ .So , 48 f \rt S' tni'l'Mr, 

• 'loi rft'R, II , ff n/ . Jour / r# 1/ 1 .80. I M i | 0 |r., 

• It<.atsw)\. II J . .tnn .VP trri.f Sn . 48 ( \rt 2 110.1'^'.. 
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sha\v,‘ and by otlicrs. The subicct has been reviewed by Hirshfeld and 
Buggs,’ by Murray, Paine, and Finland,* and by others:' 

Among the types of reactions observed after the use of streptomycin 
arc the following; (I) the presence of pain, irritation, or tenderness at the 
site of infection; (2) hjstaminc-like reactions, as for example, headache, 
fever, flusliing of the skin, and blood pressure drop; (3) disturbances of the 
eighth cranial nerve, such as transient deafness; (4) sensitizatioa maai- 
festntions (skin eruption, etc.); and (5) casts and albumin in the urine. 
1 he firsst two of (hc.‘5C reactions have been observ’ed most generally in con- 
nection witli the use of earlier impure products. Engels^ has reported 
that the impuiity producing the histamine-like reactions has been elimi- 
nated by an extraction process. The third type of reaction usually fol- 
lows prolonged treatment. Casts and albumin ordinarily disappear 
rapidly after the treatment is stopped. The most serious of the reactions, 
according to Murray, Paine, and Finland,* is the disturbance of the ves- 
tibular function, usually after prolonged treatment with large quantities 
of strcptoniycin. 77ic severity of this reaction appears to be less in'th the 
purer preparations 

Clinical Uses. — The clinical uses of streptomycin have been reviewed 
by Keofer and otlicrs;* Paine, Murray, and Finland;* Hirshfeld and 
Buggs;’ \\’cnnor;* and otlicrs. 

Production.-*^troptomycin is produced commercially by submerged- 
culture methods. However, it may be produced by surface-culture 
methods, particularly' on a laboratory basi.'^. Production consists o 
grouing the organism on a suitable medium under carefully control e 
conditions. . 

Organisms Used . — Tlic organisms used for streptomycio production 
are strains of Slreplomrjccs gnscus, an actinomycctes that produces aerw 
myTcJium and spores SlrcpL gnscus was isolated at Rutgers an ^ 
similar morphologically, biochemically', and culturally to one iso e ^ 
the same laboratory 28 y'ears earlier, according to B'oksman an c 

‘ HROfl-N, 11 .\ . and II. C. Hi.vsiu^r, Rroc Shjf MteOnps .UaifO CUmc, : 


(Sept. 4, 194G). XT A it CKo 11): 

* Hibsiifelp, J W . and C. W. Bugos. .V Y. State Jour Med., 47 (No. 

(1947). . 236' "0 

» Murray, K , T. F. Pajke, and M. Finland, iVew Eng Jour, .nea , 


8 1947) 

< Engms, H- It , C/im Em Xm, se (No. IS). 1284 (18^' 

* Committee on ChemotJicnipcutics and Other Agents, > - 23S;7-lS 

•Paine, T F.. R. Murrat. and Jf Finland, Rew Eng. Jour . 

(3 fft5' 15, 2947) 

' HmsHrELD and Buogs, loe ctl. 

* Wennbr, H a , Jour. Kansas Med Sor . June, 19 • 

» IVaksuav and Sciiatz, loc. eit 
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Althougli the strains of Strcpt. griscus that produce streptomycin arc not 
always absolutclj* stable, the danger of strain degeneration is very small.* 
Waksman and Schatz stated that vegctatis'c grou’th ^without spores) 
should not be used for inoculation purposes, since the antibiotic is not 
always produced under such conditions. 



1 lij IllJ i'trrpomi/rt$ ffriieiit •(rr|>toiii> rin.pru<l<irinK »trnin (( </uilr4if of •'> .t 
rwin, A (if Jrrirfi Ao^icullural Ktpmmrnl .Sfnfaon. Arv llrunivKk ) 

The ^tr^•ptomyein-produclng ({ualitit's j>f Slrrpl grigniit have lieen 
jiijprowd bv clrain M’Jecljon nnd by irnidiation «itb uhnivinlct hj;ht, 
ncronluiK to Stanley ’ 

Hair Malrrtoh — The medium mmxI for the mantifarliirr of ftreplo. 
mu'in ^houl(l contain the ingredients essential for the projx'r groath of 
Slrrfil grt^rug nnd for the prixliirtion i»n«l oeeuimihtion of ntreploni\ c in 
nnd fhotild lie n’hilively free from lii«tainii»*'hke (‘iibsianres 

Wakfiman ami Schulz* found that tiirrpt pn^riM pnulund the IngliesJ 
yield-* of ftn-pionn cm in a inedmm containing meal extr.u t Tin-* ingn'- 

' A\ and SrinT*, /<v nl 

•Musirt. \ It . /pwr /lict. B3; 2At (19171 



772 


INDUSTRIAL SUCJIOBIOWOY 


ilicnt could bo replaced with com-stcep liquor, but the use of (be latter 
increased the difficulties encountered in purifying the antibiotic. He 
medium devised by M’aksman and Schatz and used in early commercial 
production' had the follomng composition; 


Glucose 
Peptone 
Afeat extract 
NaCl 

Tap water 
Final pll 


iOg. 

5 g. 

5e- 

5g 

1, 000 ml. 

... 6 5 - 7.0 


It «'as discovered that hotli the nitrogen and carbon sources ire/e non- 
specific ; that is, glucoao and peptone could l)0 substituted with other sub- 
stances. For e.vample, sodium nitrate, trj'ptones, nmino acids, and both 
liydrolyzcd and unhj’drolj'zctl casein wero about as effective as peptone as 
sources of nitrogen; whereas starch and gli'cerol were satisfactoiy sub- 
stitutes for glucose. 

Table ICO supplies information on the influences of the nitrogen 
source and meat c.xtract on the production of streptomycin in stationary 
cultures. 


Table 160 — -Influi-nce of KrTnoce.vSotrRCB a.vd .AIeat Estbact o.v tue PROpre- 
TtOV or StRePTOMYCIN IK STATIOS'ARr CCLTUnES*'* 


D. 1 J 5 of incubation 


Nitrogen source 

.^foat e.tfract, 
g /liter 



0 

pH 

M 

Sodium nitrate* 

0 

0 , 

5 2 

0 

Sodium nitrate 

0 5 

2 

C 7 

3 

Sodium nitrate 

5 0 

24 

7 4 

65 

Peptone* 

0 

4 

7 9 

1 

Peptone 

0 5 

14 

7 G 

25 

Peptone 

5 0 

37 

7 5 

75 

Glycine* . 

0 

0 

6 0 

0 , 

Glycmc 

0 5 

53 

7 7 

26 

Glycine 

6 0 

75 

8 0 

85 ! 


pH 


pH 


79 

80 
7S- 
83 
5 9 

8.5 

8.6 


> Wakbuan, S a , and A. Schat*. Jour Am 


Pharm Awee . 273 (ISW). 


> AcfniO etprtgeeS ID ttring of Bucro^ramaaf pernu 

* Two gtuma per bier 

* Five grams per Jjter. 

Rake and Donovick* have studied the nutritional uor 

Strepl. gnseus and formulated media, containing nei er 

> Porter, R. U',, Merck Repl., July, 1W7. 

* Rake, G., and R. Donovick, Jour. BaeL, 62; 223 ( >• 
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com steep liquor, 'uhich produced as high as 250 units of streptomycin 
per milliliter and from which, it was reported, the antibiotic could be 
rccovercd more readily in a purified state The media devised by Rake 
and Donovick contained soybean meal as a source of nitrogen and other 
nutrients. Salt was found to be an essential constituent for producing 
satisfactory' yields of streptomycin 


Table 1C7 — Streptomtoin Pkodpction* in* VAniov's Mfdia* 



• Tlie in<-al fnaUmnl fmm 41 lo 41 r«-r rmt |<rntfin 

• fniu of fUrjilomjcln milU!»W of >>roll> 

• MmIi» 2 •ml 0 Orf! »»m* th«t jrn ml of .• ou tl>.[--n»r.| ,«-r But Tl.i» 

mrdium (No. 8 In th« uMpJ diflpr* (ram (hr modmm nromnu-n-IM l>^ n nml Schali In Ihnt 

IhP inpnt of tit* UtUr Iia* t**n ra| lam] wuh omboan mrni 

Table 107 nimmanzes data from the rcv'archc'* of Hake and Doiitv 
\ick ‘ 'Hie media tested were di-'l)en'od m .lOO-ml Krlnimeyer lla-ks 
in 100-ml amount**, except in the COM* indicatfxl After ptenliration, the 
content'* of oarh fiiuik «erc inoculate*! with 0 5 ml of a i-pore '•usjini'ion 
'Hus Mas prejiared by sU'-pemhiig the spore** of .Sirrpt prtftru*, grown on 
Kram-ky’s n^parapne gluro^ near, m di'-tiiled water niul “haking tliem 
for 30 mm VMth gla*'** lioafU Tlie fl'x>k'* Mere mrul).ale<i at 2}®C on a 
ohnking marhine 

An e\aml«.‘ition of the table mdir.stes th.it the }<e*t moh.'i for 
totnycin pr<xliiction (numlxTs 7 ami 8) contain*tl ‘oyl" an me.al, gluco-e 
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and sodium chJoride, Actually the highest yieJds of the antibiotic were 
obtained "when the percentages of these ingredients were 1, 1, and 0 5 
respectively. ’ ’ 

Bennett* reported that the following raw materials gave comparable 
yields of streptomycin on a laboratory scale; corn-steep water, soybean 
flour, some peptones, acid hydrolyzed casein, acid hydrolyzed rabbit fur, 
acid hydrolyzed wheat gluten, acid hydrolyzed stillage obtained from the 
yeast-alcohol fermentation of wheat mash, and asparagus butt juice 
Corn-steep water is a rich source of histamine-like substances, 400 to 
1,000 micrograms of such ingredients per gram haWng been foundinsome 
samples of steep water, according to Stanley.* 

In an effort to determine what ingredients in steep u-ater were tapon- 
sibJe for the stimulation of streptomycin production, ^•arious quantifies 
of corn-steep ash were added to a medium containing glucose and an 
enzymatic digest of casein. The effects of various quantities of corn- 
steep ash on streptomycin production are shown in Table 168. 


Table 168. — Substitutiom or Con.v-sreEp Asm for Cob.v-steep iv Stiispto- 

UYCtN PltODVCTION iMsWA* 

Amount of Corn-steep Ash, Highest Average Streptomycin 

G./lOO .Ml Titer, Micrograms/Ml. 

0 25 430 

0 12 430 

0 00 
0 03 

0 015 175 

0 007 70 

0 40 

• &TK«i-T,T, A R Paper pre^enled before Ohio-Mirbiir«n Befiiotial ACS Meeting in Tol d 
on Mar. tS, 194? 


An examination of Table 168 indicates the marked 
steep ash on streptomycin production. Under the conditions o c ^ 
mentation, the highest yield w'as obtained when the medium con 
concentration of O.Od g. per 100 ml of core-steep ash. rom- 

In view of the fact that about 70 per cent of the corn-stcep as 
posed of potassium and phosphorous, potassium phospha e 
tuted for the ash in the medium and comparable results were ^ 

according to Stanley* and Bennett." ^rLluction. 

used instead of corn-steep ash to stimulate streptom>ci ^ 

Stanley reported that it was preferred to potassium phosp a e w 
not have such a narrow' range at optimum concpntra ion. 


* BeSNEtt, H. E., Jour. Bad., 63; 254 (1047) 

* Stanley, A R., Paper presented Mar 15, 1047. 

* Bennett, R. E , j 0 Ur. Sad., 63; 254 (1947) 
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Stanley and Bennett reported that beef extract also contained liista 
mine-like substances in large amounts. 

Commercial Produclwn , — The production of streptomycin on a com 
mcrcial scale has been desenbed by Silcox/ Porter,*-* ICirkpatrick, 
Engels,® and others. 




■trtiitonuon trih}<Jrf>cUIori<l(M-alriitin rlilonilp ilnnUp il‘Koio 


jii''Tonu \i. - Till- tir>t r«ncrm t« mamifiiPture ‘•ireptoinyrin indn-*- 
tnally wa-- Mervk iintl C«»mpan\, x\hirh «as m uiicralnuj liy the spring of 
19h» Sln*ptomyem bydnvblondp and ►treptomyein fUlphate were pnv 
dvirctl initially but lin-y nmld not W* u.- Inglilv punlirtl ns was dc-insl 
IlowpMT, in 191*1, I’crk :in«i coworkrrv* n-portiHl the pn-p-vratmn of a 
rrj>t:vllinc' double hall of ptri'ptomjrin tnh\drtM-bloridr and cab iinn phl<>- 

» Pu^six. 1! . r/i»n /.'n^ A’r«-»,a4;37rKl (lOlfij 
' PoUTi II, It \\ , Chrm, y.n-j , Ml 9| I I9tl»| 

• Ponn a. It \\ . Urpt , Juh, IDI7 

• KiMfchtTHii K, S 1). ('>.»"! /’"it.MiNo Ui 91 tn2it9l7 

» \\ n , Pa}'’ r }irp~'inr«l«t \ .\ \ :» i*n flu-hfr. 

iVf an. i9i7 

• Pr< 1 ^, IL I.., N r« 1' A KirituJn.l H Plyns. \ U iiri, aihI K 

loisrits. Jfl/r .V«„ 67i ISm ilOlii 
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(pLi/roJ'STco°f '" ^ '' 

Figure 104 presents a flow sheet, outlining streptomj'cin production 
It will be realized that clianges in certain parts of the process ha^'e taken 
place since the original publication, particularly in the medium and linal 
stages of extraction. 

FERMENTATiox.- — The raw materials (usually a hj'drolyzcd protein- 
containing substance, a carbohydrate, and salts) are mixed with water in 
a mixing tank at about 10 times the concentration in which they "iH be 
used and pumped to a storage tank. From the storage tank, the concen- 
trate is pumped into each of a series of four fermenters of increasing si^es 

' Porter, H. W , ^/ercl, Rept , July, 1947 
» KiRKrATRiCK. S t> , Chem Eng , 54 (No. 11): 91-102 (lOYl). 
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as required. Water is added to dilute the nutrient medium to the desired 
concentration. The fermentation medium is then sterilized at 120®C., 
cooled, and inoculated with a starter. The fermentation is carried out 
at 25 to 30°C with aeration and agitation for the required length of lime, 
the contents of each fermenter serving as the inoculum for the next larger 
fermenter. The fourth fermenter i<j of 15, 000-gal, capacity (Fig. 104). 



The fcniicntcp* Itvfcr to Fig 105} arc coii'tniclcd of carlnin and 
an* cepupped with aKitator*«. air rt«irgcr>. (Oohng ruiN or jat krt>*, heating 
coiIn \ictting gla-'O-. etc 5aUp<. ytuITing Mght and all 

joints and connection’^ an* protJTtwl with Me.am waN I’liv* linox are 
maint.aineil umli'r strain prvssure when not m U”*' 

Aeration i-i siipplieil by bhroing stcnle nir through tlio fiTtnenlntion 
mctliiini and by agitation According to Porter, abnul 0 05 rti, ft of air 
ixT minute |>er gallon of femicnior nparity is pawil through the filters 
for (itenhr.ation 'Hie rate of aeration niiJ agitation niU't lio rnntrolle<l 
to pn-*eiit foaming 

It mav Im' nerrs‘.ar>- to um* an antifa'ini agent, if exces.ive fo.’immg 
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occurs. Such mtvtcriftl must be sterilized before use and must not be 
toxic to Slrcpl. griseus or the antibiotic and must not interfere with the 
subsequent recovery process. 

The fermentation, uiiich is carried out at 25 to 30‘’C., is considered 
completed wlicn a maximum yield of streptomycin has been obtained. 
The fermentatod broth js witlidrawn to a storage tank immediately. 
I’Tom this point on, the process becomes continuous. 



Tiq. 107 — Esfroclioii units 
acidified alcohol and filtered 
resistant allots prevent corrosion uuu..^ • • 

FILTRATIOX. — The fermented broth " t'* 

This is accompiished m Oiivcr procoated pressure 
have high fiitration rates. Before the broth goes . 
(nonadsorbing) is mixed with it in a slurp’ ' admixture 

depending upon the rate of flon- of aid. After tta 

through the fiiter niiich has been precoated . j nen it is potoh''* 
primarj- fiitration, the pH of the jj >" „„ discarded 

by passage through a second filter. The fi 

I En'oels, op Clt 
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ADsonPTioN ON* ACTIVATED CARBON*. — >\ctivatcd cafbon is mixed vith 
the clear broth in a series of three adsorption tanks. The streptomycin 
and some of the impurities arc extracted from the broth by ad^orption on 
the activated carbon, which is then automatically fed to a pre«'«urc filter, 
^^herc the spent broth is separated out. The adsorbate is washed on the 



I hi los Ei*|H)raior( for conrrmr»l»nBftii<l«>»tiTptotnj«p mlutionv {I'httof’um MtT<k 
A Co . Ir.c ) 

lilter with dilute alcohol for the purjKM* of remo^iiiR nnitiintie^ Mihilile m 
alrohol. 

j.j.fTloN — llie ftrrplomycin i>»chitrcl from the nrtivnted carl>on «ith 
dilute nlculiolic hjdroclilonc anil l»y n two-^tape routiterrurn-nt proeex^, 
flcTorthiiK to I’orter ‘ It n'n»o\e<l as the tnhydruehlonile. while iriipu* 
nlies rvinuin nd'orlx'tl on t!ie aetnntr*! carlnm llie tn!n<lri»clihiri <!«' m 
^ ep:lr.'»t^•^l from the nrlivnteil c.arlK»n hy lillmtitin 

ITie elution unilH are ryirerially con«lrtiete<l m ortler to pnNrnt the 
formation of inet-nlhc wilt^ that wotihl contaminate the ^trTptoInycin. 

' I’ontcn. n U . CArm. I.-fia, M (.Vo 10) 01 (lOIC) 


7S4 


INDUSTRIAL mCUOBlOtjOGY 


To prevent contamination of the product, the workers must use spe- 
cial cleaning techniques and change into sterile uniforms and shoes before 
going to tiic processing areas. 

In order to reduce tljo numbers of microorganisms in the air, three 
procedures arc followed: all the airentcring the building is passed through 



Fta 111 — Weifiluntc streptomjem powdw This " St J 

prescription balances in sterile cubicles The entire r lamps 

u.r and ‘■sterility” is maintained through tbe u« of uhra-vioWt raj 
Merel. it Co . Ine ) 

special filters, triethylene glycol is used as a to the 

violet lamps are used in the cubicles where the an i m 

air for a short time. rcnntnROOmicrogranisof 

Yields.— Stanley* has reported that yields f 

streptomycin per milliliter were not unusual from a s r ^ 

obtained as a result of irradiation with ultrayiofet ^ j. ^as obtained 
of over 900 micrograms per ml. in a shake-flask fermentat 
with one strain . . ^ ^ s Mcefiog 

I Stanley, A. U , Paper presented before Ohio-^bchigan egio 
in Toledo, Ohio, on Mar 15, 1947. 
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Metabolism of Strept. griseas.— Wafcsman, Schatz, and Reilly' have 
supplied significant information concenut^ the metabolism and chemical 
nature of Slrcpl. griseus Their studies included gronth of the organism 
in both stationary' and submerged cultures. 

The stock medium used in the investigations contained 5 g each of 
peptone, meat e.vtract, and sodmm chlondc, and 10 g. of ghico«e per liter. 
In the research carried out uith stationary' culture's, 250-ml. portions of 
the medium were placed in l-lifer Erlenmeyer flasks, sterilized, cooletl, 
and inoculated uith spore su'spensons of Strept. gnmis The seeded 
flasks were incubated at 2S®C. Tlic weights observed were tho'O 
obtained by filtering the mycelium and spores on weighed papers, drying 
at Gr>®C., and ueighmg to secure the merca'-e in ueight due to the dried 
material. 

An examination of Tables IG9 and 170 which are conrerneil with sta- 
tionary cultures indicates that Strept. ^mcttsattaincd a maviraum amount 
of growth in 10 days and declined slowly thereafter. The amino nitrogen 
in the culture broth reached a high level in o to 7 days. TliO production 
of streptomycin wa^ accelerated after the seventh day when the nmino- 
nitrogen content was high 

In the ca.-e of tubmergod cultures, the maximum amount of growth 
was obtained u*-ual!y m 3 to 5 <!ays, followed by Ivms of the mycehum. 
Streptomycin production and sugar consumption were rapid l>elnren the 
second nml fifth days (reference is made to Table 171). Ulie pll of the 
filtrate incrcjwd. iiarticuhirly during the f^r^t two djijw. 

Tabi k ICO — It ATI or (lUOHTU am» .^mfrroMTf is I’moi'i itjon or SUrpi pntrun ts 
Ktstiossbt OctTi itrs* 

<I’tr 2 .WmI portions of nwsttiiml 

liiriitnUon. \ fJniBlh • Stn'ptotn.scm. 

* 5 1 \ A I c MiS 


O 3f.l <•*» 

0 137 H 

0 ' l.f 

O l/iS 

0 610 HO 

0 MJ7 t-‘i 

‘WiSW*-. S A S *nlll < lU«A» ./«' />** *j rsi ISlAt 

Cl oUliebnndAnderson.’m antudy involving mi)rphnh»gjp.-il and pby*iT> 
logical factors In streptomjem pro'luetiun i« fhake ndiun's. otis.-ni'il 

* WAtsuis. R \ , A fv iiiTi. and II <' Itritir Jo»' . Cl • 7.VJ t JOjf.i 
II ,an.t H W Ssi.ia^is ft-// ^ fu* T 4 4 . 

3112 iJOir 
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that the peak of streptomycin production folloived the peak of gronth of 
Strefl. griscvs, that the abilities of different strains of StrepL grims to 
increase the pH of the medium were not correlated with their abilities to 
produce streptomycin, and that synthesis of streptomycin occurred only 
when o>cygcn was present. 


Tabli: 170. — Nitrocek Fraction's in jS/repf. pmeus Ccltcbes* 
(Per 250-ni] portions of medium) 


Ineubation, 

days 

Nitrogen in mycelium 

KHr-N in 

NHrNin 

broth, 

mg. 

Total N* 
accounted 
for, mg. 

Ash 

content, 
per cent 

Per cent 

JIk 

mg 

0 ! 



4 3 

35 3 



4 

10 0 

35 2 

22.6 

57.3 

i 115 1 

12 1 

5 

f> 7 , 

40 3 

37 8 

C9.5 

' 147 6 

J6 4 

7 

10 0 1 

t 55.8 

' 55 0 

73 3 

185 0 

H 6 

10 

8 9 

, 62 4 

63 3 

66 8 

192 5 

13 9 

15 

0 G 1 

55 2 

92 0 

79.3 , 

227 1 ‘ 

10 0 

21 

7 2 

37 G 

05 I 

70. S 

203 5 

11 0 


• WaWMak^S a, a ScBATt.MdH C Reittr. /oitf 5«f., 6:;753 
> The onpnal broth-contcinerl 2SO.O ms of (otdl nitr&sen 


TablC I7l, — Rate of Ghouth ot Strept. gnsevs asd SvRZTTOiWci^ Psodcctio'’ 
Shaken CoicTcrncs’ • 


Incubatjon, 

days 

Gfon th, g 

pH of fiilratc 

Residual, 

g/ucose, 

mg/m) 

Strcptonijcjn, 

units/rni 

0 


6 8 

10 2 

£> 

1 

0 018 i 

C 9 i 

9 3 


2 

0 237 I 

8 5 1 

1 7 0 


3 

0 394 

8 C 

5 6 


5 

' 0 370 

8 4 1 



7 

0 248 

8,7 

0 5 


10 

0 140 

8 9 




> VVaksman, S a . a Scsatz And H C Rsnxr. JtUT Bad . 51. 753 (1916; 


Extraction and Purification of Streptomycin in the a 
the maximum amount of streptomycin has been produce , ['chiefly 
to isolate it from the culture medium The growt ^ j,., cen* 

mycelium) of Strept. griseus is separated from the hqm m 
trifuging or by filtering,* Since streptomycin is adsor c gjjoulil 

of filters and filter aids, only those which are known no jjquid 

be used. An active charcoal, for example Nont, is a 
1 Waksatan and Schatz, toe, etL 
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medium, ■which has been freed from cellular material, to adsorb the strep- 
tomycin. The charcoal containing the adsorbed streptomycin is sepa- 
rated from the liquid medium by centrifuging or filtering and is washed 
^\ith alcohol to remove impurities. It is next washed with acid-alcohol 
to elute the streptomycin; aftenvards, it is separa(c<i out. Tlie acid- 
alcohol solution of streptomycin is neutralized and filtered to remove pre- 



I Kj II.’ Aut'x■l'l^c». All rrint.iinprs u'O'l In tlM* f»n».*hinic of •tirr'tomj fin arp elprilii<><l. 
Mtrtk A ro ine I 


npitatod impiintiei Ten \oIiimr.s of cfher (in tthirh streptomycin is 
m^oliib]i*i an* aililed wliich take up the nlrnhol but not the streptomycin 
Tlio antiliiolir is left a.s an acpieoii'i concentrate (}-ello\\, brown, or reil) 
Jly ilrjTng the acpieoiis coneentrate under \aruum or by pneipilating it 
with aertonc. a prep.iration of solid strrptomjrin may l>e obtainril In 
an alteniate metlioil, a ronrrntrale may nbo lie obtaine<l In ilraunc the 
nrulra1irr<l acid cliiatc umlrr 'ncuum ' 

rurlhrr punfic.atmn may tie obtaimxl by preripitating the arid rlu.ate 
obtaincfl from the rhnrcoal a«I»orbate (refer to tbe forr coing p.amcr.ipli) 

> K» ntu I A., JiL, It. I- I’tc*. A. U’Atn, and K loLXtn*. Sni-nyr, 103: 31 
'lai'.i 
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with phosphotungstic acid^-^ and treating as follows. The bases liberated 
from the phosphotungstate are converted to a crude picrate «hich is frac- 
tionated by chromatographic methods. Picric acid is removed and there 
remain one or more fractions which yield water-soluble and highly active 
amorphous products. Crj'stalline precipitates result when Eeinecke salt, 
ammonium tetrathiocyano-diammono-chromate, NH<{Cr(SCN) 4 (NHj)jl, 
IS added to the aqueous solutions of the active fractions. Pure strepto- 
mycin reineckatc may be isolated by fractional co'stallization. This 
insoluble reineckate may bo rendered soluble by conversion to the hydro- 
chloride or to sulphate salts 

It is also possible to crj'staWze streptomycin as streptomycimbeiian- 
thate.^ Methyl orange (helianthate B, or sodium p-dimcthyl-aminoazo' 
benzenesulphonato) is added to the acid eluate obtained from the charcoal 
adsorbate described above A relatively insoluble gtreptomycin-helian- 
thatc crystallizes from the solution. Soluble salts may be obtained by 
further treatment.^ For c.xample, by treating streptomycin-helianthate 
\nth o mi.xturc of methyl alcohol and hydrochloric acid, streptomyrio 
liydrochlorido is formed. The liberated hclianthine is removed and the 
hydrochloride is precipitated from the filtrate u'ith ether. Streptomycin 
hydrochloride is a ivhite powder. 

Standardization.^The unit of streptomycin used in early reports 
defined as “the amount of material which will inhibit the growth o a 
particular strain of E. coli in 1 ml. of nutrient broth or other suita e 


medium."^ .. 

Waksroan® stated that the use of the foregoing unit proved satis ac 0 
for production and isolation studies and for pharmacological , 

tions of streptomycin. However, he believed that this unit ^ 

for clinical use since the large number of units required crea e 
impicssion that large doses were essential for effective chemo lerap 
purposes. He proposed the establishment of the follouing uni s 

(1) An S unit, or that amount of material which will inhibit the g 
standard strain of E. coli in I mi. of nutrient broth or other su 

This unit would thus correspond to the original E. . growth of a 

(2) An L unit, or that amount of material which will ^ eouivriept to 

standard strain of E. coli in 1 liter of medium. An L uni j3 

1,000 S units. , 

(3) A G unit, comparable to one gram of the crys a me 


^ RaKSWAN, ScUATZ, loc. Ctt. 

s Fried, J , and 0. IVinteksteiner, Saettce, 101 : o I 

sKubiil, Peck, tVALxi, and Pobkbbs, loe. ctl. jffj , 56: 

* ScHATZ, A , E. Bugie, and S. A. Waksman, Proc. 

(1944) 

* Wakssian, S. a., Science, 102; 40 (1945). 
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Methods of Assay. — A comparatively lai^e number of methods liave 
been devised and used for tlic assay of streptomycin. These liave been 
reviewed by ^Vaksman and ScUatz;* Murra}’, Paine, and Finland;' Ilirsli- 
fcld and Buggs;* Wennor;^ and others Tlic review by Murray and as^o- 
ciates* is particularly significant. 

Biological and chemical methods of assay have been employed but the 
biological methods are the most suitable at the pre.'-ont time. Among 
the biological methods are the cup method of Stebbins and Robin«nn.® 
^\hich has been extensively uscil, uith and without modification; the 
p-aper disc-plate method of Loo and associates;* the broflwlilutinn 
methods of Donovick and his coworkers^ and of Price, Xiolscn. and 
Welch;* the slide-ceU method of Heilman for e>timating the amount of 
streptomycin in bodj* fluids;* the turbidimetne mctliod of Osgootl and 
Graham;*® and the streak-plate method of Waksmnn and Reilly " 
Among the chemical methods arc those of Schenck and Spielman;** Semh, 
Boxer, and Jclinck,'* and Levy. Scliwed, and Saekett'* 

The test organism used depends upon the method and purpo-'C of 
assay. Among those uhich have lieen used arc special strains of i}lap}i‘ 
ylocccaia aurcxia and DactUus siibtilis in the agar-diffu-sion assav*., A7fi»s. 
icUa pneumoniae, Staph, aureus and U. arculnns m broth-<h!uliun 
methods; and D. megatherium in the slide-cell metliod 

In carrj'ing out assays, it is important to make sure that the medium 
will not contain substances nhich inhibit the antibacterial u^•tlVl^Ie■^ of 
streptomycin (refer to the section that follows) Likewise, it is essential 
that the conditions used be .such that they may lie readily duphcatnl in 
other laboratories. 

The broth-dilution method, nliich «as developed by Demovirk. 

‘ h akamav, S .\ , ftn<I A. Scuatz, Jour. I’hann At^oc , 34 : 273 ' 19t >' 
*MunrwT, Paive, nnit Pivlanp, toe ot 

• HiiiHiirELD and Hcocs. loc. at. 

* rxvr.ji, H. A., Jour KonsoT 3fr.l Soe , Jvinr, 1017 

•PTinniss, U. n., an<l It. J IIobinwv, /V er .S’oc hxpl Bid l/n/ , 69: 2 ’m ( lor. 
’Ixio, Y. il , p. S. t'KiLL, H. H TiioRs.'niniiT, J 1 iintun, J M Mil.tmi 
G. M. S^VAr.p, nnd J, C STL^tsTEK, -Tour //art. 60 (N«» •>) 701 (IfU'.t 

* Dqvqmct:, U., D. IIamhk, F Ka\\n\oh, and G Uakf, yo'ir n<irf , 60: 023 

' I RICE, C. W,, J. K. N’lriJ’rN, nnd II Welch, Seimcr, 203 : 00 (1910) 

» Hciunv, D. H., /Voc Mtft Majo CVibic. 20: 14'» (Miv 10. 191.'.) 
"Osnooo.i: i:.,BndP. M. GitAmvi, .Im Jour Ttin Pnfl; . 17: 93 UOlT) 
‘‘UAKA«AV..'5.A,iindII C.KMLLT./n.t An? rArw..lr,.i; r.M7: .'.'.0 (191’.) 

i^arstK, J. n , and M A Spii ihav, / our .Im Chrm .Xnr , 67: 2270 (191 .) 

'* i ai. J. V., O. i:. iJoxrn. nnd V C JruNrit. Snrncr. IM : 4 V, ( 1910 
. It , P. ecu^rn, and J W S»LKrrr. /««ir Im .x<v . 69: '.2S 
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Hamre, Kavanagh, and Rake* - 
thricin, is described herein. 1- 
method is more sensitive the 

Woodruff. Solutions of antibiotics tested by this procedure must b* 
sterile and contain approximately 1.0 to 3.0 units of the antibiotic per ml 
The test is carried out under standard conditions. The test orpa- 
nism, Klebsiella pneumoniae, is grown for G hr. at 37®C. in Difcojci't 
broth. A 1 X 10"® dilution of the culture is made in 1 per cent trj-ptonf 
broth at pH 7.2. Two-milliliter quantities of the seeded trj'ptone broth 
are placed ascptically into clear sterile glass tubes measuring 12 X 100 
mm. These are stored in an ice box at 4®C. 


Measured quantities of a standard solution and of the unknown solu* 
tion of streptomycin (or streptothricin) are placed into the scries of tubes 
prepared as described above, using acid-cleaned sterile 0.2-mI. Kahn 
pipettes. The standard solution of streptomycin contains 1.S5 units per 
ml At least four tubes are used to determine the activity of the standard 


solution, which serves as a base for estimating the activity of the unknown 
solution. The unknown solution is prepared in such a manner that the 
concentration of streptomycin lies between I.O and 3.5 units per inj. 
Portions of the unknown solution varying in volume (0.10, O.OSS, 0.07(, 
0.0G8, 0.059, 0.052, 0.04G, 0 040, 0.035, 0.030 ml.) are added to the scum 
of tubes containing K. pneumoniae. The assay with the dilutions of t e 
unknown may be carried out in duplicate. If for any reason the Ic't h 
not carried out at once, the tubes should be stored at 4*C. 

The tubes containing the test organism and dilutions of streptomjcin 
are placed in a 37°C. incubator for 15 to 17 hr., after which time o serv-a 
tions are made for the presence or absence of growth. 

Great care is exercised m making observations on the degree o pm 
in the tubes after the incubation period. Each tube 
tated and then held before a bright source of light (da} igi 
ferred). The absence of growth is reported by the use o t 

( — );atrace, by theplus-or-minussign(±),andfun ora mo' i 

by the plus sign (-{-). The end point is the minimum 
antibiotic solution that causes complete inhibition o • . 

The following equation is used in computing the v a uc o 




In this equation, Uc = the units per milliliter o ' jf, in tbe 

standard solution, Ux = the units per raillihter o to 

unknown, Vc ~ the volume of the standard so u lo 

« PONOVICK, llAJfRB, KAVA.V.iOH, ailll 11*1^*'., foc. Of. 
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complete inhibition of growth, and U, ~ the volume of the unknown solu- 
tion required to cause complete inhibition of growth. 

Inacliration of Streptomycin. — Knowledge concerning the chemical 
agents or conditions that cau'^ inactivation or neutralization of the ctrect-^ 
of streptomycin is of great importance, for it aids one (1) to U‘:e the anti- 
biotic more intelligently and effectively, (2) to select the ingredients for 
the media used in testing its potency more accurately, and (3) to device 
suitable tests for the determination of the sterility of the antibiotic. 

ciiKMiCAL AGKXTS — Tlic cffoct of vatioiis chcmical substances on the 
antibacterial activity of streptomj*cin m ri/ro has been studied bj' Geiger 
and associates;* DcnUclwator, Cook, and Tishler;* llrink, Kuchl, and 
Folkcr>;* Donovick ancl Rake;* Bondi, Dietz, and Spaulding;* and others 
The subject has been reviewed by Murray, Paine, and I'lnland.* Cys- 
teine and ^-mercaptoethylamine (sulphhydrj*! compounds) inhibited the 
action of streptomycin against li. subltltsJ'* Cysteine reduced its action 
towards E coh in a similar manner.* Hydrazine (0.002 M), hydroxyl- 
amine (0 002 M), semicarbazKle (0 002M). phonylliydrarine (0 002 M), 
and methvlphcnylhj drazino (0 001 M ) (ketone reagents) likewise reduced 
the efficacy of the action of streptomycin against either li. 8uhlili$, E. colt, 
or hoth,*-* Cevitamic nci<l (m a concentration of 0.4 mg. per liter) seri- 
ously reduced the cfTcctivcnc'S of the action of streptomycin ngain't E 
cob, d acrojc/iey, aureus, and li. Tlic chemical agent 2- 

amin(X'thane<bol h.as nl«o mactivate<l etreptomycin Bondi, Dietz, and 
Spaulding* have reported that the bacteriostatic activity of streptomycin 
for E colt is lowcreil by tlie prcM-nce of reihicing agents, ^uch as cj sf^'lne, 
siHlium thioglyeollate, ^tnnnous chloride, M»chum bi'ulpliite, ^o<lium bj dro- 
Milpbite, siHlium formate, and sodium tliiosnlphatc. They aKo demon- 
stratisl tb.U the aiitdiacteriat artiMty of ►trepiomycin m iiifUsion agar 
pl'ites rontjuning E coh was rtshircsl under anaerobic rniiditions. 

iMWOUMiLi. Ill MWION — llie Use of n sugar, such as gliicov', Icv- 
uli w. or Mil nw. meilmm w birh may lie fermeiiKnl l»y II fuhhhs, E roh, or 
other organisius with the iircshirtion of suffirient arul to nsliiee the pH, 
lins iisii.illv n'suhitl lit diminished artnity' on the p.irt of sln*ptomyein.’ 
Hence the nslueisl autiliacienal activity of the anlibioiie in the pnwntv 
of lertain Migars i- due in pirt at least to the production of im unfavorable 

■i.in.rn W il.J IL Cm r>, nn<l S \. W'ax'^uks, I'ror .<«r I t/.i li,ol Mid, 
Ct |s7 I'Ur,, 

» l»i M.ri w *TTn, n,, M. Cook, und M Tisiurn, .’'nrtirr 101 t3i|0|*,, 

• UmsK. Ki nil, an'l I'oiJirR-, /or, c%t 

• HoMiMex, lU, unil O ItiKr, /Vor .W /j/j t/e/ . 61 : ?2| ijair,). 

‘ lU.Mii. .V., Jk., (*. .V llirtT. nnd I. II !»r*l U'Im.. .Vri»n<». 103 ; a'M uoiO) 

• Ml nK»T. P»iM . nn-l I iM.»\e. /.»• of 

'<«?inrR,<;»nts, nn.l W tt>u tN, /o'* ril 
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pH as the result of the formation of acid. Carbohydrates that sen-e as a 
bource of carbon but that are not fermented a'ith the production of suffi- 
cient acid to produce a harmful change in the pH have in general little or 
no effect on the antibacterial activity of streptomycin. 

AKAEnonic coNDiTiOE'S. — According to Geiger, Green, and Salesman.' 
the production of anaerobic conditions through the use of hydrogen, nitro 
gen, or carbon dioxide gases has resulted in considerably reduced anti- 
bacterial activity by streptomy'cin against such facultative anaerobes as 
E coU, -.‘1. aerogenes, Proteus vutgans, and Scrralia marcescens. The low- 
enng of the pH of the medium under anaerobic conditions is believed to be 
a factor that is at least partly responsible /or the reduced activity of (fie 
streptomycin.^ 


AGE OF CULTURE. — Actively grontng young cultures of bacteria are 
apparently more susceptible to streptomycin than older ones (24 to 4S hr 
old) where the groivtli rate has decreased. 

Donovick and Rake* have found that increasing the quantity of trjqh 
tone from 0.5 to 1 per cent in a medium containing only to'ptoac and 
water resulted in raising the minimum inhibiting concentration of strep- 
tomycin against Klebsiella pneumoniae. Liken ise, the addition of glufOrf 
to the tryptone media increased the miaimum inhibiting concentrations 
still further, but to a smaller degree. 

Comparing the activity of streptomycin against K. pneumoniae ifl a 
broth containing 0-75 per cent tryptone with that in a liquid medium con 
taming sodium thioglycollate (cystine, 0.75 g.; MaCl, 2 Jg.;glyco^e, St 
agar, 0.75 g., yeast extract, 5.0 g.; pancreatic digest of casein, J f » 
sodium thiogly'collate, 0.5 g.; resazurin (0 2 per cent), 5 
to make 1,000 ml.), Donovick and Rake discovered that the 
inhibiting concentration of streptomyem was considerably 
medium containing sodium thioglycollate than in the broth. 
itory effect of sodium thioglycollate decreased as the age ® ® sodhrni 

increased. Sodium glycollate was also inhibiting but less so mn 
thioglycollate, Donovick and Rake suggested that the mter eri 
of sodium thioglycollate might be due to its effect ia re ucing 


tion-reduction potential of the medium. ^ /rrntomydr 

Streptomycin B. — This compound was isolated /rum ^ |{ 

concentrates by Fried and Titus.^ Some biolo^cal c amc 

have been described by Rakeandliisassociates.* Acco n 


I Gbiqer, GnssTf, sad TVAKsjt»x> he. cU. 

» Donovick and Rake, foe! at. om /io47> 

» Fried, J., and E. Tirus, Jour. Biol. Ckem., J68: 39 ( • ^ Uio- 

* Rake. G , C. M. .^fcKEE, F. B. Pan-sf. snA a Doromck, Proc- 
Med, 66; 107 (1947) 
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streptomycin B was less active in vitro on a weight basis than streptomy- 
cin against eight strains of bacteria. However, on a weight ba«is, both 
have approximately equal LDso values, based on studies with Swiss albino 
mice. In the case of experimental infections nith M. tuberculosis (Rav- 
encl strain), streptomycin B was about one-third as active as streptomy- 
cin on a weight bass and of about equal actuniy on a unit ba=is. 

Dihydrostreptomycin. — Peck, Iloflhine, Jr., and Folkers,' reported on 
the formation of this compound by the catalytic hydrogenation of 
streptomycin. 

BACITRACIN 

Bacitracin was di^covcretl and doscril>e<l liy Johnson, Anker, and 
Mclcncy.* It is tiio name gix'cn to the antibiotic suii^tance (or miI>- 
tanecs) produced by the Tracy I .strain of Itaallus subtilis The Tracy I 
strain wa.s isolated from infected ti<«ue romoveil during an operation on 
the compound fracture of tlio tibia of a patient 

Bacitracin is of particular iniorevt because il has lecn efTcctive in 
cloaring infections rcsi>.tant to penieilhn 

Organisms against Which Effective.— Hacitrarin is effective against 
Gram-positive baetoria pnnicipally,* for example, the nrrobic ami anaero- 
bic streptococci, stapliylocoeci, and micrococci, eoiynebactena; and clos- 
tridia in nfro * It is nNo effective against gonococci and meningococci, 
Gram-negative organism^, an<l ►pirochetes * * /n rieo, it is efTcctive 
against l^troptococcu9, staphylococcus, and other tyjies of infections,* and 
gas gangrene in guinea pigs.* 

Chemical Properties. — I’mlcr this heading mil l)c <h*-cus.‘.ed rolululi- 
ties, prccipitahihfies. htabdity, and other factors 

6'ohihdi/jr«. — Bacitracin is Mduble in water. rjT!i)he\anol. ethanol, 
isopropanol, methanol, and n-bulanol. It is i-lightly ‘•oliihle in r)rlo- 
hexanoiie * It is insoluble in acetone, iM'nrene, chloroform, ether, and 
ethyl ncctalo • , 

Prrctpilnhthhj — Bacilrncm is prrcipitotixl from water i-ohitiotis or 
concciitnvtes by certain metallic ions, organic acids, and other miI>- 

'Pkk.II.L.,C b. iloiriiiM. Jn., an<l K romras, /our Im Chtm .sv.CS: 
1300 (laifi) 
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btances.'- It precipitated by tlie ions of heavy metab, tho^e Joiv in 
Iho olcctromolivo pencfi causing inactivation of the antibiotic. Ions high 
in the cleetromolivc series, such as magnesium and zinc, do not inactivate 
iweitraci/i. Magnesium ovidc is used in the purification of bacitracin, 
since tlie magnesium ion does not precipitate the antibiotic and sinceit 
removes carbohydrates and other impurities from bacitracin preparations. 

Tlie antibiotic is precipitated from concentrates by azobenzone-p- 
fiulpbontc, benzoic, furoic, salicylic, tannic, and trich/oroacctic acids 
Several of the acids cause n loss in the acti\’ity of the preparation. Hon- 
ever, ^'nlicyltc acid apparently docs not inactivate bacitracin, according 
to Atjkcr and his ns.^ociates.* 

iJacitracin ma}* /«? precipitated from wafer solution by high conccn- 
trnlion.s of fodium chloride, hy acetone, by ammonium rhodanilate, by 
mo/yhdic acid, ant/ by Keiiieefce's salt.*** 

Atixorji/ion . — 'Hie antibiotic may bo adsorbed on aluminum oxide, 


charcoal, and hfoyd'a reagent.'-* 

Filtration . — Hacitracin may 1)C filtered through a BerhcfclJ,* Cham- 
berinnd,* or Seitz* filter. 

Stability. — 'I’he dried, powdered product is fairly stable. According 
to (ho Food and Drug Adniini-stration tcn(ativc?'pccificafions,^thee-^i«‘ 
tion date of vinLs of bacitracin is 12 months after the time when the batch 
of bacitracin is rc/casc<l and no refrigeration is required. Partially 
tied concentrates (neutral or slightly acid) of bacitracin were stable or 
to 12 months w/ion stored at 0 to 5^C., according to ! 

coworkers.’ However, there was a 30 to 50 per cent loss in ath''’' 5’ ® 
/owing storage at room temperature for 2 weeks. Bacitrocin was s a 
inO.Ol X hydrocliJoric acid at 0 teSr^C. It wa.s unstable in a 
fions, particii/ar/y at a p/I greater f/ian 9. Crude bacitracin rom'ia 
commercial laboratories varied greatly in stability. i/inmental 

Producdo/i.^Tlie pr«x/«etion of bacitracia is in ® 

.itage at tlie prc.scnt time nml is carried out by surface cu ture 
using hballow layeiv of medium. ^ - ..r r ,ublths. H 

Orffanisrn. — Tiic organism used is the Tracy I strain 
i.i a Gram-positive, aerobic, sporeforming organism. such 

Stocl Ci/ltnrcs Stock cultures should be , According to 

trvptone agar or broth, to which no glucose has been a e » -^gjj or 
Anker and his fellow workers,* in orfer to mamlam thm m 


* /bid. 

* Johnson, Ankeii, Scodi, and Goldbebo, cp- ctl- 


* Johnson. Anker, and .AfELENEr, toe m Fob. 16, 

* Food and Drug Administration, Pederat Security S ' 

* Anker, Johnson, Goedberg, and Meeenev, toe ci 
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Harvesting. Although the pll of the medium at the time of harvest 
depends upon its composition and other factors and is thus differeat for 
different media, there is a relation betu'cen the final pH and the titor.' 
The pH of the to’ptonc broth (aho the soybean digest) at the time of 
maximum titer may bo 7.8 to 8; that of the sjmthetic medium, 7.0 to 7.2 
Ihc liquid portion of the fermentation medium is separated from the 
pellicle by decantation and clarified by filtration through "standaid 
supercel." 

Concentration. — The clarified fennentafion medium is extracted tm'ce 
with n-butanol, using one-half volume of the solvent for each e.xtraction 
The butanol extract is separated by decantation, filtered, and vacuum- 
distilled in the presence of water (500 ml. for each 1,000 ml. of butanol 
extract when the distillation (emporature f-s 2S to 30*C.). Concentration 
is continued until the butanol has been completely distilled nod the vol- 
ume of the aqiicoua phase is approximately J per cent of that of the origi- 
nal volume of the fermonlaticn liquor. It is important to distill the 
extract in a su/Rcient quantify of wafer, for anhydrous butanol rapidly 
inaetivutos hacitiacin 

Purification. — Anker and associates* used the following method for 
purifying bacitracin in the laboratory; One volume of a oO per cent buta- 
nol and 50 per cent poro.vide-frcc ether mixture is added to 1 volume of 
the a(tuoou» concentration and tlic mixture is agitated m a separatco 
funnel. Concentrated hydrocliloric acid is then added dropirise unti t e 
mixture soparate.s into two layers immediately after shaking. The upper 
solvent layer extracts impurities and becomes discolored; the lower aque- 
ous layer contains the antibiotic. The pH of the lower layer shou 
between 3 and 4. It is separated out by decantation and the e.xtrac ion 
is repeated. After standing for 10 min., the pH of the 
ascertained (it should lie between 3 and 4). The aqueous ^ 
decanted and then extracted five times with pero.xide-free et er. 
butanol and ether are removed from the aqueous layer by %"acuum 
tion. The pH of the aqueous concentration is adjusted to o 
sodium bicarbonate. It may then be dried by lyophihziQg- 

In another method, magnesium oxide is used to ^ gali- 

drates and other impurities, and the antibiotic is precipi a e 
cylic acid. , fn 0.026 mg 

Unit of Activity ’ rd, 

(20 micrograms) of los 

according to the Food and Drug Administration *• 

for Bacitracin.* 

1 Ibid. 

* Dated Feb. 16, I94S. 
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Assay Methods. — A number of methods for assaying the potency of 
bacitracin have been reported. A ferial-dilution method using the 
Chanin strain of Group A Iiemolj'tic streptococcus has Ix^n described by 
Anker and associates.* Details of a plate assay in r\hich .Uicrococctts 
Jlavus is employed as the test organism and of a turbidimetric in 
i\hicli Staph, aureus (PCI 1203) is used ns the test organism are de‘'cril}cd 
in the Tood and Drug Adminislralion Tentative Specifications.’ 

Yields. — Highest yields were obtained from the soylioan digest 
medium and the sjmthetic medium containing f-glutnmic acid, average 
titers of 12 and G units per ml , respcctivelj*, being obtained Average 
yields from the tryptonc, liccf infusion, amigen, and ^avlta mcilia, ucre 
2 units per ml in each ca^ Occasionally yields from these media «ere 
ti\o or more times greater 

Uses. — Ileports concerning the therapeutic uses of hacitrariii ha\e 
bevn made bj* Melency and Johnson;* Molcney,* .Miller, Slatkiri. and 
Johnson;* and otlicrs. 

Melcne}’ and Johnson state<l that favorable responses ncre ob'S'rvisl 
in 88 out of 100 cases of surgical iiifeetions ireatcsl with l>acitracin They 
examined aerobic and anaerobic cocci isolated from the infections and 
found that most of tliem acre Miseeptiblc to bacitracin and penicillin 
However, 30 of the organi'ins were resistant to penicillin and susceptible 
to bacitracin; six «cre resistant to baeilraein nn<l f=uscepti!>Ie to {jonicillin, 
and a few uerr resistant to both |>enicillin and bacitracin They also 
reported tli.it laicitracin wa-snoi irniating or toxic locally, anti that it «as 
not inhiliitotl hj IjIockI, pL^sma. pus, brokeiMlown tissue, or bacteria tiint 
prixluco penicillinase 

Mrlenc> (le'cniHsI the sucir'sful use of bacitmein in two ca.«es of 
infections resistant to pcntnllm and in one cax* where the iiatient wjus 
allergic to siilplidnamiilcs and iH-ninllin 

Miller and a-s.s4K‘i:iies dcscnlxsl the l<K'al use of h'leilracin anil found 
tluat an ointment <if haritraein eontaimng units jH'r g was rfleetive 
iigaiiisi siijwtIk i.il {ivdgenir infeclioiis They found some e\ iderin* of the 
cle\eln})m<'ii( of 'trains resistant to haritraein. but no iridicalion of li u it- 
riM-inas** prtxlia tioii 

AUflEOMYCfN 

\ureomyrm was jlisccnenxi by lJugg.ir.* Ixslrrle I. Divi* 
Mon. Arm nran (\\;uriniid t'iinipin> Prvhmin.iry ctudies indic.ite «hal 
tskrii. Joiissus OdU’firno, nn<i Ml I FM T. /.»■ nt. 
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It IS cficctive in combating microorganisms and diseases against ii« 
penicillin and streptomycin are not effective. Particular promise ias 
been shown in respect to its use in combating bacterial eye in/cclions;(! 
fever and Rocky Mountain Spotted Fever (rickettsial diseases); and Ijui- 
phogranuioma venereum, a venereal disea.se caused by a virus. 
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SciiB>ci:,J Il,and.^( A .Snri.vAN I orm.alii>nof 'MltoJ hy MegruUtion of Strrpt«>» 
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I’rotli'ction fltid Activity of Strcpfomycin, Jour. Barf , ifi; 29^310 

: Stancfnrciirat/on of Strcptomj’cin, Science, 102 (Kc 2G37):4(Ml ( 1945 ). 

: Tiie Discovco' and Development of Streptomycin, Nucleus, 24 (Vo ?)• 17 i 
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^ and n. C. Keillt: Apar-strcafc AlcthoJ for Assajdng Antibiotic Substance?, 
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« I and A. Sciiatz: Strain Specificity and Production of Antibiotic Sub- 

8t.anccs. V Strain rte.sistance of Bacteria to Antibiotic Substances, I^pecially to 
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and A Sc«atz: Streptomyein-^rigin, Nature and Properties, Jour. Am 
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.Microbial Origin, Jour. .Sort , 44 : 373-381 (1942). 
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Katisas Med. Soc , 48; 201-273 (1947). 
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Incesligalivc Dermalol., 10 (No 3). 179-188 (1948) of Bacitracif*. 

Scum, J. V , and W. Antovoi.: Somo Pbarn.acoI<.gical Cha.»cta"«,cs of liac 
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CIIAPTEH XXXVII 
TEXTILE MICROBIOLOGY 

Textile Fibers. — Textile fibers may be eIa--ifi(Hl ns natural and artifi- 
cial fibers. Natural fiber^ mcbule pUnt. animal, and mineral filnrs. 
AmonR the plant fibers are eoir (from the coconut shell), cotton (‘•ec<J 
hair); flav, hemp, jute, ramie, and ai-ytl (b.isl HIkts), and other fil>cp* of 
le«i commercial importance. Silk and wool are the two mo-t important 
filers of animal origin but \er>' different m tbeir mode of origin and in 
composition. Asbestos fiber (» wficaie of magnesium and calcmm) l^ of 
mineral nature, Ilayons (artilieuil nlk) ore artificial fillers of vegetable 
origin. Lanital i,s an artificial wool m.ade from c.a«ein. The prwlnctioii 
of other new synthetic fillers m verj* acinely pursued at flic present lime, 
one being the Nylon wliicli ha.-* l»eon dev<*h»pe<l by tlie iltil’oni Company 
There arc several kind's of rayon acetate rayon, niprammoniuni 
rayon, and vi'‘Cove rayon The latter two raion** are rrgenerateil cellu- 
lose ‘ Acetate rayons arc le-s nffectod by mihlew than otJier rayoiH 
The fillers of plant origin consist largely of c.-irboh.Mlrafe ,-ubsianre-, 
while thO'C of animid origin are protemmi- or nitrogf'imti-* in n.ature 
Types of Microorganisms Found on Textile Fibers. — .V** would lie 
e\pecto<!, m<wi natural (iIkth hliow some nurrobial a^'M-iaiion Barirna, 
mol<l«, actiriomycefes anti vea‘'l.*> arc con-i'-tenth found on toMilc lil«'r!». 
In the civ-e of plant tdxT*. IhcM’ orgam-iu'* have thi’ir origin in -oil, wafer, 
etc., and ai gernii ecologieall) o^-oriaf*'*! with green planl-' or uilro«iuee<l 
lUiruig proce-M'H of N-parating the (ilier fn»m other f l'••>u^■< The pnwnre 
of a p-irticiik-ir organixni may or mat not lie •'ignificaiif, for mo<t of tin* 
normally vKcumng mwrty»rgani-mH pro«luce no injury under ordtnars 
ronditmns Animal lilier-H al-o Miow rhara« liTi-lir of nijeroi)*-*, 

some <hTiv<‘<I from uir afwl -oil, othcpi from the tHxhex of the fdyr-prtHiur- 
ing anmia!>i 

Conditions Favoring the Action of Microorganisms. — .\firr the filH-n 
h-nve liwn scparalcil and rornnn mailt bnlMl «»r parkinl togeiher changes 
in moixfiire ronienf m.ay take pJarr Tlir atail.tf»i)ily of nioi*nin* and 
m.alona!. a fuiiablr tfirj{HTatun*nnd pll. nrul the al>vntv of rhrniical 
antm-ptirx faior the dc\ ilojmient *if fungi and b.irlem t»n coij)nirrri.nl 
fil*crx and al^o to <‘<itne degnv on tcvlih ■< Tlie filwrx arc in a m n-<’ poll n- 
'.tjmvi.rii. J /«.f tnj fKt»i inja 
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fial foods and as such vary according to wetness or dryness, exposure to 
air, and other factors. 

T^es of Destruction Caused by Microorganisms.— Under adverse 
conditions microorganisms may produce any of the following unfavorabJo 
actions: reduction or destruction of the tensile strength of the fibers; dis- 
coloration of the fabric owing to the production of pigments, pcrhhcck, 
spores, or chemical by-products that react adversely inth dyes already 
present; or alteration of the pH of fibers, inth the result that the affinity 
for dyes is changed and the finished fabric maj’ lack luster. 

Mildew. — ^Miidew is a term used to denote the growth of fungi on 
various substrates 

Tendering. — Tendering, as applied (o te.vtilcs, implies a weakening of 
the fibers. 

Some Textiles Affected by Microorganisms. — Damage may occur in 
the raw fibers or in the finished products. Dyed and printed cotton 
goods, ivoolcn goods, aumings, tarpaulins, tents, fishing nets, and many 
other articles arc subject to the deleterious action of microorganisms 
unless they are kept dry' or treated uith chemical agents or otbenrise 
protected. 

Literature on the Microbiology of Textiles. — Thaysen and Bunker^ 
have reviewed the literature concerning the microorganisms found on 
cotton and cotton textiles to the year 1927. Much of this iiterature and 
many other publications along these lines have appeared in the Joumol 
of the Textile Institute. Prmdlc more recently has carried out e.vtcnsive 
research on the microbiology of textile fibers, under the direction of 

Dr S C. Prescott. The results of this research, which is concerned prin- 
cipally cotton and wool microbiology, have been published as a scries 
of articles in Textile Research * Prindlc has reviewed briefly a large num- 
ber of significant papers. r a • 

E.YceJlent discussions of the microbiology of cellulose •aill be oun in 
Waksman's text on “Soil Microbiology” and in Thaysen and Bunkers 
text on “The Microbiology of Cellulose, Hemicelluloses, Pectin and 
Gum.” It is obvious that any thorough study of textile micro lo ogj 
must also involve a study of the microorganisms that attack cellulose. 


COTTON 

structure.— The X-ray spectrometer, ultramicroscope, 
tests have established much ncAV information m respec o e 
and composition of fibers. 

■ TitAYSiN, A C , and n. J. Bomam, “The Microbiology oi “lulose, IfcnuMlIc 
loses, Pectin and Qum,’’ Oxford Cnivcisity Press. . 1933-193O 

* PniNDLE, B , The Microblologj' of Textile Fibr«, Yer i 
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The* m.’ilurr' cotlon filfcr hollow* iind ht j-tml Ii js co;ito<I wiOt oil 
and wav, rnnkinp it impon iou> to moisture. Tin* indivKlu'd rt)tlon ftlx r 
is made up of /ihril-*, interla«‘<l chain-* of clJipticaJ rellulo-e micrllc^ 
(nppro\. J 1 !>}• I fi micron'*/ rtnUihlnl m a eolhiulal mairiv <if jHvtin 
nature ' The piiy-ical f-tniciun'of the cotton filter has been invc'tijralo^l 
by rarr,* by Karr anti IVkcr'on.* and others. 

Approxirnalely 81 jx-r rent t»I raw cotton i-* pure crl)id(r*e 

Numbers and Kinds of Molds and Bacteria.—f'omrnerrial raw oott«m 
I-, ii^tiali) hiphly inhrtetJ with moM-< atui hactena ‘ '-ample-* »»f 

rnw cotton filx-r have yiehleil from 1 l<i fiS million barten-i and from 
I2l>.(>()0 to WMltMl molds jH-r pram • 

Tlu- molds and baru-ria found on ran cotton were larpely of the s-<»i( 
tyjx' or the lyjie found on frt-h plant ti*s|jes Molds found on imstore*! 
•lanifiN's* inrlinlc >i»e«'ies of Hormfxtnufntm^ l'u*nrmm. AUrmorruri, .‘*p<w- 
rotnrhum and .l/en»/iadike orpntU'ms. with i-tuall mimlx-f'* ivf tlie cenerw 
t(»;vr{nf/».»nml i'tmnUwon. bartena included «.od j>es m hrfc nunilier». 

Stnn'^l i»:imp)es of raw cotton eoniaincil astv-rpilli and t»efurillia, and 
►oil lyix's of •p<»rc’fonninc bacteria Haetrri.» <*f the ct-ner.i UnnUua ami 
Fhittifinctrnuin {irc<l<imuial<'<i * 

I'Mially the a*l»erpilli and {wiucillia i'olale«l wen- abh- to ulihre cellu- 
lo'c, starch, near, and c'daiin a« the *itiK »«mr«'e« of carlK»n, nlthouch 
rather ^lon|y 'I In- 1 > mold- that |^n•^^*mln•|t^sl «iri ffr»li »-imples of 
raw cottiin pr«-u nwire n‘a*hK on ci-Uul*"-*. ^^.'lr^ll, piUltn, and wear 
'e-i»ect;jllv on the fir-i !hn<- •*! ihe*e rom|>«>im*N than iln‘ nioM* found 
in tlie -lon-tl •ample* 

Accorrlinp to IVindle one woiiM e\|>ett cjnsf»>rnl *anipJes tr> 
norale niurit nion' rapidh than ».»mpl**- that ha»l l>een store*! 

The l»Hrt*-na finiud in raw rotttiu bv I'ritidlo w«r»- tou.dl\ protejH 
<hpe<itfr" which liul not dem»<ii‘trale miirh nrlion fowani r.'ir}«’h\ drale 
nnsin. rvn-pt f*ir ricnl formation from clur«»«o mf-ln Hence it wo'ild 
not )■- e\fierle*l tint lliei would nttarX rrllul«»>e or sl-»rr)t njipr»T|.-ibh 

Hirtrna) spores pn-ent in ramp)*-* «>f raw rotlon mai •urvnr iJie 
mmufartunnp pr/*efsv'« It i* Nltexi-d that m-ua )«-• n •-•t.ojt t-ac'cni 
mav n!*o stirvnc 

n« mine nfi'l nii\ wn* h'und cott*in ilcimoraiiofi m ihmp st.-nre to 
Ir- r'iu*e«{ b\ a stn ploifirix and 5 o fl-i)o»o^l*sr..n',j»-»*rric to 

\«»i.sr »*t. fr. *•» 

*).*> W K 9 t9'7 

• I .er U h a* I s H t.ats*. s fV-v • / Uu < .t*! 

t'.tl 

)i r./’ t» tail 

• f i 

'l.rv.s \ S-. ! t ♦ M jv,*) 



812 


INDUSTRIAL MICROBIOLOGY 


Searle ■ while investigating the rotting of textiles by microorganisms 
found that Stachyholnjs sp. was the most commonly occurring mold. ' 



Fio. 113 — Cotton fib«f {.CourUay of The TtxtQe Laboratory— Maaaachuietlt Inalitute of 
Technology ) 


Galloway® has described 180 molds isolated from injured fabrics. He 
states that raw cotton is a source of much of the infection of cloth, and 
that some of the infection, for example, AsperffiUus niger, may come from 
the boll. 


Tabu: 172 — Bacterial A^D Rfoto Contents of Seed Cotto.v, Raw Cotto.v, and 
Stoked Cotton* . 



Seed cotton, 

4 samples 

Raw cotton, 
12 samples 

Stored cotton, 

5 samples 

Bacteria per gram. 

Highest count 

Lowest count 

Average . . 

Molds per gram: 

620,000,000 

27,000,000 

220,000,000 

1,150,000 
' 50.000 
565.000 

20,000,000 
95.000 
! 7,900,000 

480.000 
<3,000 

109.000 

830,000 

1 38,000 

67,000 

2,250 

65 

687 

Lowest count 

Average . 

I Pbinole, B., Texlitt Seatareh , 6: 542 (1931 

i ). ' 


According to Trotman and Sutton,* BactUus subliHs 
iericus may grow on cotton containing more than 9 per cent o mo 
J Seable, G. O , Jour. Textile Inal, 20; T162 (1929) 

* Gallowat, L. D., Jour Textile Inst., 21: T277 (1930). n923) 

•Tbotsian, S It., and R \V. Sutton, your Soe Chem Ind , 
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and cause deterioration of the fibers. (Neither of these organisms is able 
to decompose cellulose.) 

Bacteria may cause the destruction of fibers and fabrics, even though 
fungi are not present. AVhen damp cotton is baled, anaerobic cellulose- 
decomposing bacteria are hkely to become active, especially in the center 
of the bale. 



Itc 114 — Fungus growth on cotton fiber {CouHetg of Tht TeflQe Lahi/rator^-~ .Voi»a- 
chuteltt ImtUult of Technology > 

Microorganisms may be picked up during the growth, harvesting, 
transportation, and manufacture of cotton Ginning and mechanical 
cleaning operations frequently do not materially reduce the numbers of 
microorganisms, and it is possible for mold spores to survh e through the 
proces.ses of spinning, sizing, and tveavmg 

Resistance of Different Cottons to Deterioration.' — Thaysen and 
Bunker have presented expenmcntal data that indicate that cottons 
may varj’ considerably in rc-^istance to microbiological detcnoration. 
American cotton xvas most resistant, Egs’ptian cotton was Jess so, and 
India cotton decayed most rapidly. Thaysen and Bunker believe that 

' TiiAirsEN, A. C, and II J Bunker. Btorhem Jour , 16: 140 (1024), 
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l(ip ililTcrcnc-c in rn-i-lniirn n-in .Iiii. at )ra«t ii.irtinllj- lo difTcrraca in 
rlinmU* nml .•.«)!) rwji)j|joH*. 

Fisliinf: Ncts.-'H;irtrrin iirf rf<4p(m-nilr> for n Inrcc p^rcrntuRp of the 
li* fi-IniiK A** n rr'<uli of tiii.t <lr'«trtirlh'e action. conMiJcr> 

nlplr n-ran-h Ii;,s Ixi-n r.-irronj «ijf Ifo* ir..S. Jtwrr.iw of fi*Ucri<^ amf 
nthrr n:;r*ti. i.-> to n»li-*-plirt *« prntort Ilio ncl-t from rotting. 

(‘cippiT -nit - (iaxf tni-n xvjtHy iwtl tin nftfw-ptir.t for n'-lx. 

The nxfiTT.inatlon of Textile Fibers and Fabries /or Damage.— B ot 
iifi’ M'xrr.il fur rxnmuitri;; Irxtib'i nr textile mafrriaN for evi- 

of ilnfn:ii;»‘ nn‘««* ifii'/iofe ilie ii*^ of ibt* lianif Ion*, the micro* 
froiH*. nillure tn*«li i. IrnMb-'Ptfrnjjtli li-.tt, vorfniiy frs{«, ami other 
pnKTtltirr* III t oiijtirirtOifi xxitli tin* «*/• of I be m{crt»‘rope, various htain- 
intt oi'rnt* baxo Ihv/i tiu-tl, atotw nriel toj;i*(ber tvifb >ttf//inj: rt'afrnty, 

Cobir prii-Iijrti.in. due lu -pon-'*. juTHliecia. or jtiRTiuril**, or lliemu«ly 
t»dor frr<|in’ntlv rnabri it |hi'«tb!e tiMfi>tini*tii*h funmis jiniwib on fabrics 
wilbuijl /ijorr prii-i'e 

'riie inirro-nijH* ha* nmrb \ulit.-i]i|e inftprmatiord concoming 

tlie ‘•Tnirluri' niuf e(itnIition of bl-'n* '/lie m««* tif ^fait1<. rurb ns \'icforia 
lUiie n. III rotiibiiiatiun xwtb .-xxrlbn;: fiv«i;rnts ba* yirbbtl particularly 
PnkI roHiili- 

ricro'‘Ol /Ihic /{ Sf<iiri ^ A 0 l.t |e*f cent nqiti'ou*' solution of V/Vtoru 
nbje M I' adibtl to tbr Kiinplr of cotioii In tb(‘ pro^Hjrtion of npprori- 
mutely 1.1 Cl* of dxe soltHom |*er <* I C «»f Miuple, all rxcov* of live thus 
/t«*ur<'*I Til/' •aff}/»ie »• i>f»ib'»i for 1 non. in the iJ>e, iwL>.htsl xiitb 
cold xxutrr until iio fiirtbiT color o- n‘ino\e<l, iMiilrtl uilh iVi-tillrtl 
until bbiilui;; of tbi’ color fv:»'c». nii'<'«I «ilb cold nater, permitted to 
drum, uml iben drmJ t»n ;i piece of filler or bbtltin;; p.npt'r. 

Su,lhi,n 7/*r./ Tbcn- an* llmx' ewrllinK le-W that have often l.crn 
tw<f to /fetermme dctiul- of the efnictim* «f cotlon ns ncll n-s lt> ohtnin 
evidence of <i;iinaj,'t' 'I’liC'C iiirbide llic carlx>n l»i*ul})hKle-sot nutj 
liyilniMil.' c<-.l ..f rli-nmiK ..ml Tlwy,-<-n,' Ilic cilpnimmoni.im l»<, »">' 


fin* "fTJtnvd ” ruhifinnc acnl l/•>t , , 

Tin, eui i.i.iMi Ti MOV Ti.nMiN'O ANPTiiv'ai.N uniforni sarop eo 
the HIhts h ph’pansi by liri'l run’fnily iiiixinB B- of the matem • ‘ 

upproxinialeix 02 b of the wnnph* «‘fo «dilc<l 10 ec. t*aci o . 

hieultdiide and tif M lu-r cent MKlinm lmln»xide solution. ic ^ 

nnd ebemiral reuKenta are clnihen occ:i.sjonalJy, "’bile soa ung 


' /{nmilT, T ft , Jour llo’j .trirre«iW/> .Ver, p ttl 
* 1‘|UM»U , n , TrxUU Httrarrh. 6: -ttl (IWR). /toon 

» /’muiino, .V . nnit .1 r riuTxnx, ./ewe,, 35; . / r#.IIiiIosi‘ Jfi'n'''* 

.T.„t.rv, A, C, ,„.l ir J Jk'.vKrn. ■■n.c f 

rwiiii nnJ Gum.," OTfon! L-nii-ci'ily A'® ' 



TEXTILE illCROBIOLOGy 


815 


'.i 






fibers or hairs proceeds until the required sn'elling has been obtained 
(ascertained by examining email samples microscopically from time to 
time to determine when the swelling has reached an optimum point). 
Then three samples, each about the size of a large pea, are placed on three 
glass slides. The sample on each slide is mixed carefully, and approxi- 
mately 20 fibers, selected at random, arc ^ 

"spread out horizontally" and covered with a [ 

cover glass, a drop of water being permitted 
to diffuse under the co^’er slip The slide is ' 

examined microscopically By scrutinizing f ; 

three or more slides and making 10 counts on 
each slide for sound and damaged fibers, this 
test may be made quantitative in nature. 

Normal cotton fibers present a beaded ap- 
pearance when treated with swelling reagents 
This result is duo to the fact that the cuticles 
offer resistance to the expansion of the cellulose 
layers enclosed by them, while no resistance is 
ofTcred to the layers between the cuticles. In 
damaged cotton hairs the cuticle has been in- 
jured or destroyed, while the cellulose has 
undergone some change. Con^iequently the 
lieadcd appearance found in normal cotton 
hairs 13 missing 

THE CUPRAM.MO^■IV5^ SWELUNQ TEST* 

WTieo this test is to be made, it is desirable to 
have all the necessary equipment close at hand 
and prcpareil Forceps, needles, clean gla-is 
slides, cover slips, cuprammonium solution, and 
microscope should be available.* 

The cuprammonium solution is prepared 
in the following manner: In 100 cc. of dis- 
tilled water are dissoUed 15.7 g. of copper suI- 
pliate (CuSO^ 5HsO). About 25 cc of C N 
sodium hydroxide arc added to this solution in 
order to precipitate the copper as copper hydroxide Hie copper 
hydroxide mixture is filtered, and the hj-druxidc is frceil of the 
sulphate ion by washing it with water Finally tlie \\a-hcd precipitate 
of copper hydroxide is dis'oKcd in 500 cc of 16 5 per cent ammonium 
li 3 ’droxido, and the resultant solution is stored m a brown glass bottle, 
which should be kept tightly stoppered 

’ raiNDLE, D., TextAr liticarch, 6r4Sl (1036) 
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The sample to be cramined, which may be ptcviously stained mili 
Victoria Blue B and dried according to the procedure of Dr. Prindle, is 
slight]}' dampened by breathing onto it. It is placed on the top surface 
of a clean glass slide that has also been breathed upon (reducing the tend- 
ency of the fibers to fly about). A few of the fibers are pulled from the 
sample with the forceps and placed parallel to the long edge of the slide. 

A few drops of cuprammonium solution from a partly filled bottle are 
added to the fibers, and a cover slip is placed over them. The mount is 
c.\'amined with a 100 X magnification. The cuprammonium solution 
will bo too concentrated for most samples of cotton. Therefore small 
quantities of distilled water are added to the bottle containing the 
cuprammonium solution to reduce the concentration The additions 
should bo made gradually, the effect of a given concentration of the solu- 
tion on the swelling rate being obscr^'cd after each addition. In this 
manner, the proper dilution of cuprammonium solution for the sample 
being examined may be determined. 

The correct concentration having been discovered, the fibers (placed in 
a parallel position on the slide) are covered with a few drops of the solu- 
tion, and a cover slip is placed over the fibers plus the solution in such a 
manner that no air bubbles uill be entrapped. The rate and nature of 
the swelling should be observed immediately with the microscope. 

Normal samples of undamaged raw cotton are usually stained to an 
even dark purple-blue by tlie \’ictoria Blue B, according to Prindle, while 
mildewed samples exhibit a mottled appearance with “a lighter and 
clearer blue.^' It is believed that this color cJiange is due to the fact that 
the pH of the dye has been altered by the acid nature of the mildew^ 
area This dilTeronce in the staining by Victoria 151ue B is very helpfu in 
distinguishing mildewed spots on fiber from normal fiber. 

The swelling of the fibers is similar to that which takes place in e 
Fleming and Thaysen test, f-o., normal fibers demonstrate a ea e 

appearance at a low magnification of the microscope. 

Cuprammonium solution may be prepared readily and store or 
long periods without loss of value. It is easy to control the coneen ra lo 
of the solution which is directly related to the rate of s\\e mg o 


The combination of staining with Victoria Blue B an t e use 
cuprammonium reagent reveals much information concerning e 
tion of the fiber and details of the material contained m t e ume 


cuticle. 

Research carried out by Kuscbauch' using 


the Victoria Blue B stain 


' KUsEba UCH, K , Mtlhanil TexUlber., 17 ; 18 ( 1036 ). 
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tiestructive action on cotton fabric, its ease of cultivation, and its ability 
to grow under a variety of conditions. The test is as folioivs: 

A sample of the fabric, sufficiently large to yield 12 strips, each 4 in 
long in tlie direction of the warp and 1.2S in, wide, is soaked in running 



I'lo. llO—Tjpical oppearnnee of mildewed fiber Under dissecting obieetive, showing 
general absence of atnetures caused by resistant cuticle and the bundling of fibers which 
were parallel before awcUtng tCourieav of B PHndte, TextQt Jitt-, fis 481 (1036) 1 



water, or in clianges of water, for 2 days in order to ex rac y-^^thfr 
antiseptics that would be removed normaWy by 2 strips of the 

conditions. The sample is air dried and cut into a controls, 

dimensions stated. Five of these strips, tvliich are bottles 

are put into one bottle, the remainder into a secon 
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Chenucal Composition.— Chemically wool is made up largely of pro- 
tons.^ Koratm which is found in hair, nails, hoofs, and hU, is the 
principal one. The average chemical composition varies with the type 
of animal, food, etc. On hydrolysis, keratin 
3 nclds at least 10 different amino acids, of 
which glutamic, leucine, arginine, and aspartic 
acids are present in relatively large quantities. 
Sulphur is present to the extent of about 3.5 
per cent in average wool, being a constituent 
mainly of cystine. 

Speakman, Goddard and Michaelis, Ash- 
bury, and others have studied the structure 
and composition of the wool fiber.‘ 

Several substances are usually found de- 
posited on the surface of the wool fiber. 
These include wool greases (compare with 
lanoVm); water-soluble compounds, such as 
potassium soaps and potassium salts, urea, 
etc. ; soil ; and other matter. The matter thus 
found on wool is known as “yolk.” 

Microbiology. — ’The microbiology of wool 
has been investigated by various workers. 
Burgess, Trotman and Sutton, Bright, GalJo- 
W’ay, Prindle, and others arc outstanding in 
their contributions to this phase of te.'ctilc 
science 

Molds, actmomycetes, bacteria, and yeasts 
have been found on wool and may bring about 
undesirable changes, which include discolora- 
tions and deterioration of the fibers. 

Prindle* has isolated, among the molds, 
species of AUemaria, Stemphyhu^, Oospora, 
and Pcnictlhum that completely or partially destroy the structure of voo 
Species of Alternana, Stemphylijm, and Oospora were r 

destructive and productive of liiscolorations. Other molds 
altering the structure of woo’i include species of Aspergillus, ema lu > 
Fusarium, Trichoderma, and Cephalothecium. j * V, e the 

Of the bacteria, several 'aerobic baalli have been foun o av 

'Speakman, J B, Jour Soe. Dyers CtAourisls, Jubdee Issue, AWure, 

D.R.,andL Michaelis, Joar. Rjo?. CAe»i , 106:605 (1924), A'^ubib , 

140: 9C8 (1937). 

» Pbindle, B., Textile Research, 6: 642, 6: 23 (1935)- 



I'lU. 1 18 — Wool fiber. (Cour- 
tesy of The Textile Labora- 
tory — iirossaeAuseUs /ns(ttu(e 
of Technoloov ) 
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probably the most important of tlic processes named is the use of siz- 
ing materials, which in themselves may introduce new infection mth 
microbes, and which are not always completely removed by the diastatic 
preparations employed as desizing agents. 

The Prevention of Growth of Microorganisms on Textiles.— There 
arc two principal methods for preventing the groiriii of microorganisms 
on textile fibers and fabrics The first and the only sure method (thus 
fur knott-n) consists of reducing the moisture content of the goods to less 
than 8 per cent and maintaining it below this maximum. Galloway* 
has shown the importance of relative humidity in relation to the storage 
of fabrics. He stated that flic figure for storage depended on 

the microorganism instead of the nature of the material. Thus the 
minimum relative humidity that permitted the growth of several types 
of molds varied bctu'cen 75 and 05 per cent. Certain specks of Jsper- 
gitlm — for c.vample, A glaucu.% A. candidus, and A. versicolor — were able 
to grow at relative humidities of 75 to 80 per cent. Thus, in order to 
prevent mildew it is necessary to maintain a relative humidity that is 
too low to permit growth. 

Obviously it is impossible to keep do* such articles as tarpaulins, 
tents, and fish nets. The second method indicates the use of a suitable 
ant)^cptic. Althougli fairly satij^factorj' chemical agents have been 
tried as textile antiseptics, the search for the ideal antiseptic still con- 
tinues Many substance?, have been proposed, as is evidenced by the 
largo number of publications dealing uith this subject. 

Morris and othew’ have outlined the properties of the good anti- 
septic. The good antiseptic (1) must be sufficiently soluble in water to 
mix evenly with the size; (2) most be stable to heat (for example, dunng 
the boiling of the size), drying, and oxidation; (3) should be odorless at 
various pll values; (-1) should be free of color and should not alter that 
of the fabric; (5) must not injure the fabnc; (5) must not injure roe a 
attachments or machinery; (7) mus^t not affect dyeing an ’ 

operations; (8) must not alter the size and thus affect the fed o 
fabric; (9) must he safe to handle, and (10) must be readily available 


large quantities and at a ioiv cost. 

Tarpaulins, tent canvas, amiings, roofing paper, an is ung 
be preserved from the action of microoi^anisms by t le app 
antiseptics. Copper compounds have been widcl> use , 
treat U nets. Copper olealc, ae well aa copper o«de and mercum 


* Galloway, L D , Jeur. TezUle Inst , TI33 (193S). „ « y p Gmlo- 

w.\y, and M. E. JJostnr. Jo^tr. Textile In^l, 21- ^ t 


Dyestuff Rpl, 19:431 0930) 



TEXTILE MICROBIOLOGY 


823 


oxide, or mixtures of tliese, have been recommended by Conn.’ Copper 
8-quinoIinoIate, copper naphthenate, copper ammonium fluoride, zinc 
naphthenate, dihydroxydlchlorodiphenylmelhune, pyridylmercuric stoar- 
ate, and salicylanilide (Block, 19J6) arc u^ful textile fungicides 

According to Taylor and Wells,* copper oleate is particularly effective 
when applied a second time to a fishing line that has been immersed for 
some time after the first treatment Copper compounds add color to the 
fabrics being treated, and for this reason their field of application is 
limited 

Zinc chloride has been used extensively m sizes, but it is a heavy com- 
pound and not desirable for certain fabrics Benzoates, borates, com- 
plex fluoride suits, salicylates, and many other chemical compounds have 
been used with variable results. 

Oil of thyme, particularly when mixed with turpentine and rosin oil, 
has been used as a disinfectant for carpets (Funch-IIellet), and for other 
purposes. 

Gallo'v ay has recommended the use of p-chlorcHm-crcsol for finishing 
baths He has suggested also (1930) the use of carbon dioxide as a 
storage gas 

Proctor has sliowm that fibers inoculated with Asperffi'llus mger and 
then treated with a mixture of ethylene oxide gas and carbon dioxide 
did not evidence mold development when subsequently exposed to the 
air. This suggests that storage of finished fabnes in chambers pro- 
vided vntli those inhibitory gases may be commerciall)’ applied 

For an extensive review of this subject, the student is referred to the 
textile journals, patent literature, and other publications, The reports 
by Block (1910), lesser (1947), and the Quartermaster Corps are par- 
ticularly significant 

RETTING 

FHirpose, — The fibers of flax and hemp (bast filx^rs) are commonly 
loo'-ened from the stems that contain them by a procc-ss known as ‘‘ret- 
ting ” This IS an ancient term meaning "wiaking in water " The fiber 
bunillcs of flax lie between the soft-walled cells* of the cortex and of the 
central wood Hotting, if eflicient, should nccompIi''h a satisfactory 
loosening of the fiber hiindle.s from the cortex and woo<l nn<l effect a 
partial digestion or loosening, at least, of the cementing material betw een 
the various fiber bundles 

I ( ONN, \\ T, US Ilur Fuhfrtrt />«-. 1076, 1030 

• T»twjk, II I' «n<I \ K tViLW, VS Bur FiiKme* /W» 017 fI023) nnd 0ns 
flOS'.l 

»Iyu»,J V.nn.U' It Sovvi7i,Jour /mf . 16; T237 (1021) 
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Methods. — Retting is accomplished by both anaerobic and aerobic 
methods. Anaerobic methods include those in which retting is carried 
out in flowing or in stagnant waters. For example, the Egyptians have 
for hundreds of years retted flax in the soft, warm, slow-floiving waters 
of the River Nile under almost ideal conditions. Retting in slow-flowing 
waters has also been practiced in Belgium, Germany, and Holland; 
while Italy and Ireland have made use of stagnant waters, such as ponds 
and dams. Aerobic methods may include those in which the material 
is retted in vats supplied with aeration or the method known as the 
“dew” or “land-retting” method. 


^^A'rspact 







mBy 



Fio. lid — Diagrammatic cross section of a flax stem. [Courl<$vo/Ei/reand > 

Textat Iml.. 18 ! T239 (1024) | 

Eetting is accomphshed ,n the anaarobic methods 
result of bacterial action, in the aerobic dew method, largely by 

'sefection of Method.— The choice of method mil j- 

factors. the agricultural situation, the nature other 

able straw, the water supply, tlie climate, the cos > 

'“‘iSerobic Retting.-The following 
general discussion of retting as carried ou y 
whether in a vat, a river, or other place. ctiires: a physical 

Retting may be considered to take ™ ^ preliminary and 

stage; a biological stage, which may bo subd ^ 

principal phases; and a mechanical stage. material carefully 

1. Preliminary.— It is important ® . pjant, damaging 

for retting. For e.xample, m the deseeding o . ,^-eakening, 

of the fibers leads to the evils accompanjnng o\ e ' 


• Thay«en and BuNKEn, loc. at. 
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discoloration, etc. The ra^ material sliould be carefully sorted and 
treated according to its nature and condition. 

The chemical changes that take place wall vary according to the types 
of microorganisms that predominate, the nature of the irater, the material 
being retted, and the metliod used. 

2. Physical Stage — During the phs’sical stage, water is absorbed by 
the tissues of the stem, swelling occurs, water-soluble substances are 
extracted, and bacteria develop Fissures and breaks frequently appear 
in the woody portion, while bubbles of air are given forth from the tissues 
The substances extracted, which amount roughly to 12 per cent, include 
sugars, glucosides, tannins, soluble nitrogenous constituents, and coloring 
matter The surrounding liquid thus becomes a highly colored medium 
for the development of baclona and other microorganisms. 

3. ^lofojiicaf Stags — During the preliminary biological stage, many 
of the bacteria and other microorgani.sms, which arc resident on the 
materials being retted, grow and multiply. Aerobic forms predominate 
at first, since the water contains dissolved ovj’gen and nutrients favoring 
their development Yeasts and molds may develop on the surface of 
the water. In using up the dissoh'cd oxygen, the aerobic organisms tend 
to establish anaerobic conditions. Organic acids and gases, especially 
carbon dioxide, are produced. 

Actually retting occurs mainly during the principal biological stage. 
Tlie middle lamella is softened, cells of the plant tissues are separated, 
and the connections between the bundles become weakened. 

The anaerobic organisms responsible for retting multiply rapidly 
during this period Thew? include the bacteria, which elaborate the 
cnziTnes capable of hydrolysing the pectin of the middle lamella of the 
parenchymatous hark tihsue, thus causing a separation of the fiber bundles 
from the cortex and wood Plcctndium pcchnovorum (related to Clo^tri~ 
diam hulyncnm Prazmowski*) and Cl. S<U\ne\im {Bacillus Sehineus) arc 
two anaerobic pectin'di‘'feolvmg bacteria of considerable value in retting 
procc.s‘-es. Iluschmann^ con-idcrs D. amylobacter (aKo related to Cl 
huUjncxtm Prazmowsko to be the most important anaerobic organism 
in the warm-water vat process Maknnov* used pure cultures of 
Pcctinohnctcr amytaphyUon with “superior retting revolts 

Vnnous substances are protiuced during the fermentation, depending 
on the organisms and the conditions of the retting ofieration Theve may 
include organic acids, mjcIi as ncctic and but.xrie neidv, gases — earlxm 

’ '* JlcrKe\ 8 Mflnii'il of Dotorniinative Itncteriolog^,'* p 770, fllfi esJ , llio U iJIi/inii 
»t UjlXin^ f'omnnnv. Hdliinorf', lOlS 

« Ili»nnusN. <5 . Jx’ur TrxUtr ln»l . 16; TGI. TtOI (192H 

• \l \Kms<n. t \ , DtirMiik V w#piiHW*K<». Sn Uvtnn //^ningroi/, 206: 102S (I92S| 
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dioxide, hydrogen, and sometimes methane and hydrogen sulphide- 
solvents, such as ethanol, butanol, am! acetone; and other substances' 
Lactic acid production interferes with the action of butyric acid bacteria, 
such as B. amylohacta. Organic acids may be oxidired at the surface of 
the vat to simpler compounds. 

It is important not to overret flax, since the lignified pectin of the 
fiber bundles may bo iiydrolyzed ii-ith the result that individual fibers 
become separated. 

Cellulose is not fermented by desirable retting organisms. 

4. Mechanical Stage . — The retted material is washed (if in a vat^ by 
an upward flow of water) to carrj' away portions of mold films, organic 
acids, odors, and otlier undesirable substances that may be associated 
with the plant material. Sometimes just sufficient alkali, in the form of 
soda, is added to neutralize tJie acids present in the vat (if one is used), 
resulting in .an increase in the luster and suppleness of the fiber. Another 
method for freeing the material from organic acids after washing is to 
e.\'pose it to the action of aerobic bacteria. 

The washed material is carefully dried by natural or artificial means. 

Finally, tlie dried retted fiber tissue is separated from the cortical 
and wood residues by the use of machines.* 

Temperature of Retting — A fairly m'de range of temperatures has 
been used in various retting processes. In general, it may be stated that 
higher temperatures, 37 to 38®C., for e.\'ample, favor rapid retting but 
are sometimes less desirable from the viewpoint of the quality of the 
final product, for overretting is more likely to occur at higher tempera- 
tures and leads to the damaging of the fibers. Good results may be 
obtained, however, by carefully controlling the processes that usehighw 
temperatures. The Carbone retting process employs a relatively high 
temperature. , ^ 

Temperatures of 20 to 25^0. or 30 to 32'‘C. are considered to be most 


favorable for retting.* 

Deiv retting is subject to ivide variations of the temperature. 

Carbone Retting Process— in this proces=, a most, tulture oI • 
felsincum (B. Jelsincus) is prepared in a potato medium an “ J 
the rate of 1 liter to 10 kg. of dry tissno to the water of , 

The retting temperature is 37 to 38»C. the optimum f 

this organism. A period of 50 hr. or less is naturally 

but a longer time may sometimes be necessao- The 

requires closer super\’ision than certain other re ^ P 
fibers produced are bright colored, while the >1? > 


‘ TitAYSEjJ and Bunker, Joe at 


* RU.‘5CnMANN, /oc Cll. 
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A r«5&umd ot investigations on the water retting of flax fluring the 
period of 1940 to 1945 has been published by the Council for Scientific 
and Industrial Research. CommomveaUh of Australia (GreenhiJl and 
Couchman, 1947). 

Aerobic Retting Processes. — An aerobic method of retting was 
developed by G. Rosai A mass culture of B. comesit is addeci to the 
plant material in a vat. The water, maintained at 25 to 30®C , is aerated 
to favor the development of aerobic bacteria, B. comestt in particular. 
It has been stated that a smaller quantity of organic acid is produced by 
this procet-s, while the danger of ovorrclling is greatly reduced and fibers 
may he dried artificially without danger. According to Ruschmann, 
such fibers are fuller in appearance, darker, and harder. 

Deta Rettinij — The rettmg action of this process is due principally to 
molds, but bacteria are present in lat^o numbers. 

In carrj'ing out the process, Hie maienal to be retted js spread out in 
thin layers on suitable vegetation. It is thus exposed to the action of 
the sun, dew, and ram Atmospheric conditions, the retting bed, and 
the soil are mamly rc^-ponsible for the quality of retting As would bo 
expected, there is a minimum of control used in this process, which is 
simple and inexpensive Although good fiber may be obtained by this 
method, the fibers arc frequently of a poor quality and the yields small. 

Improvements in Methods. — In this very brief description of a 
limited number of rettmg methods, it has been impoi^sible to discuss 
adequately the problems of the processes, which arc concerned with the 
yield of the fiber and its quality — softness strength, color, etc It will 
suffice to state that improi’cments in procedures are constantly being 
made A review of the literature of textile journals will yield information 
along these lines to the zealous student. 

Periodicals ott Textile Microblologr and the Textile Industr7 

I mfrtrtin DrjertuJJ tlrporiir (fortniRjilJy), Ilo'^rs Pulilisliinj; fV> , K«>» York 
HiiUtUn of (hr U S lM(itutr for TexOte Krtfartk, inc fniontlilv|, Ilo^ton 
Canadian TfXtde Journal (h«>klyl, Canadian Textile Journal I*ijb}i^liing Co , I-td , 
Montreal. 

f olton fwivklyl, iMonrhcxtcr Cotton A<iso> lation, I.td , Ko.val J xrJianRe, Mfinclif^ter, 
J'ncJ.ind 

I'litlon (mnnthb), \V U C Smith ihilili^hinj; Co, Vtlanla. C5a 

hfiil^rhr Kunxttndfa Jetlung und /fpritalorgan fir XellinJIr («rmi»orkb), Ikrlin 
I nvrforrchiing XrtUrhrtft fir ]Vtirrntrhftfl find Trrhmk der Fa^rrj'jltntrn und drr 
Itadfii’rr-indudrtr (irretfiikifi, S liirxel, l4*ipriR 
Indian Trxtilr Journal Imnntlilv), tiidnn TpxUJd Journal, Ltd . I5enilia\ 

Jniirnal Trxiilr Inulilulr imfinthK), Manrlie«ter, FnRland 
h,un%lseidt und iCttlieollr (inenthivl, II JenfCpn-WrlaR, lleriiii 
Mflliand Trz(d(irriektf (monthU K lleidriheru 
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Xahonal Canvas Goo^h Manttfarturers Rtmetn (monthiy;, iVationaf Tent and Aunme 
Manufacturers Assoeiatjon, St Paul, Minn. 

Hayon Textile Monthly, Hayoii Piililhhing Cor|)., Xcw York. 

Rayon U'orM (montlifyj, Osaka, J.npnn. 

.S', It ami Itagan, Journal DnoM to the Progreu of the Sdk and Bayon Ituluilmr 
(monthly), Manchester, Knj;Iand. 

7 exilic Colorist, Devoted to Practical Dyeing, lileaching, Printing and Finishing 
(monthly), Textile Colorist, Ine., Nc%v York, 

Textile Maiitifaclurer (montlily), .Manchester, I'ngland. 

Textile Research (monthly), U.S institute for Textile Itc^carch, Jnc., Boston. 

Textile IPorW (monthly), MeGrawIIill Publishing Comp, any, Inc,, Xew York, 
irool, Revieu' of Ike iYorkPs IVoot Industries (montlily), London. 

See also periodical directories. 
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CHAPTER XXXVIII 
THE MICROBIOLOGY OF WOOD 


Wood may be injured or destroyed by several agencies, causing great 
losses annually. Fire is obviously the most serious enemy. Violent 
windstorms may be the direct cause of extensive destruction. Wear 
and weathering are inevitable. Animals, such as mice and rabbits, may 
do great damage by girdling fruit or other trees and causing their death. 
Biological agents alone cause the destruction of many millions of dollars 
worth of valuable wood each year. Included among the biological agents 
are the fungi — the principal biological causes of wood brcakdoMU and 
chemical destruction; the insects — among which the termites arc out- 
standing in importance; and molluscan and crustacean borers. Certain 
insects and borers are especially significant in the impairment or ruination 
of structures built of timber such as warehouses, wharves, trestl^, an^ 
domestic buildings. From the standpoint of industrial microbio o^’i 
the changes produced in wood by the attacks of fungi are especia y 


significant. . , . . 

Structure and Composition of Wood. — It is not vithm the P 
this te,\t to discuss in detail the structure of wood. In . 

may be regarded as the mass of cells fully developed and modified dumg 
tree growth. It consists principally of lignin,' ceHulose, an 
celluloses with small quantities of starch, protein, an 

Lignin is a constituent of the cell wall, to which it u^jeved 

and rigidity. Its exact chemical structure is uaknovyn, u j 
that the essential grouping of the molecule is com er> ^ > 

feryl aldehyde, or a compound of closely related struc ^ 

Cellulose, (C.H..O.)., a polysaccharide made “P °\,hea 

glucose residues joined at carbon atom 4 by g ucosi < ^ ^ 

> ScHOBGER, A, yV , "The Cbemisto'of «xiie Chemistry 

CompRay. Inc., New York, 1920, Hawlbt, L. F.. and ^ ^ 

H'ood,” Remhold Publishing Corporation, New . q’ U niversity 
Biochemistry of Cellulose, Polyuronides, Hj(ooli;np, 

New York, 1937, Phillips, M , Chem. Vj, i^;pz,g. 1939 ;FrKvpe'* 

chemie," 2d ed.. Akademische VerlagsgeseUschalt m b II . S. 

BFno, K., Ann. liev. Biochem , 8 : 81 (1939)- ^ Wilcy A &’n*. ’ 

* CoBTNEB, P A., "Outlines of Biocheinistri , * 


iCc'v York, 1938 
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hydrolyzed, gives rise first to cellobiose and then to glucose (see Chap. 
III). 

Hemicelluloses include hcxosans and pentosans, such as mannan, 
galactan, xylan, and araban, which yield mannose, galactose, xylose, and 
arabinose, respectively, when hydrolyzed by dilute acids. Lovulose is 
also produced from certain hemicelluloses by hj'drolytic processes. The 
hemicellulose content of hardwoods is greater than that of softwoods. 

One analysis of spruce (Piece ereeZia)* showed 30 per cent of lignin, 
63 per cent of cellulose (free from pentosans), 15 per cent of hemicellu- 
loses, and 2 per cent of fat, protein, resin, etc. 

Ritter^ of the Forest Products Laboratory of the U.S. Department 
of Agriculture has carried out research concerned n-ith the structure of 
the cell wall, which has been dissected into layers, fibnls, fusiform bodies, 
and spherical units. Most of the lignin is present in the middle lamella, 
the rest occurring in other parts of the cell wall which is largely made up 
of cellulose and hemicelluloses 

For a detailed discussion of the structure and chemistry of wood, 
the reader is referred to some of the publications listed at the end of the 
chapter, 

THE FUNGI 

The fungi here considered include certain forms of Basidtomycclcs 
and Aicomycctes (''higher fungi”) which uctimlly bring about a disinte- 
gration of woody substances (decay, rot, and other tj-pes of brcakdowTi) ; 
those which by pigment formation or by other moans produce stains on 
timber, thus rendering the wood less valuable for some purposes; and 
‘‘molds,” including numerous forms of fungi imperfecti Wood-destroy- 
ing fungi are, of coursfc, both helpful and harmful m the economy of 
nature The brcahtlown of plant tissues, leaves, branches, and much 
fallen timber, either from natural or artificial causes, is advantageous, 
since the organic matter composing them is gradually decomposed and 
in large part returned to the soil as a result of the action of the enzymes 
manufaclurod by the fungi and flic oxidations that follow If timber 
were not so broken down, it would accumulate in U‘<'Ie'>s masses and 
interfere with fore>t growth On the other hand, wood-<lestroying 
fungi attack and seriou-ly injure much valuable timber Logs may be 
dcstroycil before there is an opportunity for jardingthem Sawed 
lumber, wooden ties, piles, mIL, buildings, the Fupptirtmg material of 
mine shafts, telephone and telegraph poles, fence posts, etc , are subject 

‘ iionorn, op rt 

• llmrn, G J . I’(i;)rr fn/t , June, 1931 
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to the action of wood-destroying fungi, unless such wood is treated by 
chemical prescn’ativcs or othenrise to render it unsusceptible to attack. 

The action of ^Yood-dDslroying fungi is favored by the presence of 
moisture, >Yarmth, and the absence of direct sunliglit, as well as by the 
presence of o.vygcn and nitrogenous food matonals that may be utilized 
by the fungi. On the oilier liand, there arc certain volatile oils and water 
e.vtractives contained in some heartwoods, as, for example, in cedar, that 
are toxic to fungi and tliercforc prevent or restrain decay for long periods. 

Knowledge of the growth conditions of these organisms is of prime 
importance in procedures designed to prevent the action of wood-destroy- 
ing fungi. For c.xamplc, most fungi will not grow in wood conlaining 
less than 20 per cent moisture (on the basis of the oven-dried weight). 
On the other hand, the fungi will not grow when timber is submerged 
in water, or deep in tlic soil, liccausc there is a deficiency of oxygen 
Destruction of wood proceeds slowly or not at all in the cold weather 
of our Northcni states, or in buildings maintained at low temperatures, 
but proceeds very rapidly in hot moist climates. Several types of chemi- 
cal agents are very useful in preventing the action of fungi and in destroy- 
ing tliem and are quite widely employed. 

Some Important Wood-destroying Fungi.—AImost all the fungi that 
destroy uood are members of a few families of the Basidiomycetes.’ 
Fungi belonging to the foWouing genera arc possessed of the ability to 
destroy wood. CoUybta, Lentmus, Phoh'ota, Phurolus, and SchizophyllV'^ 
of tlie family Agancaccae; Pchtnc^onltum and Pydnum of the family //yd- 
Tiaccoc; Dacdalca, Fisiuhna, Femes, Gano^erma, Lcmites, Menihus, Polyp- 
orits, Poria, and Tramclcs of the family Polyporaccae; and Coniophom, 
liymenochaete, Pmiophora, and Stcrcum of the family Thelephoraceae 

Enzymes of Wood-destroying Fungi.— The enzymes secreted by the 
wood-destroying fungi are responsible largely for the complex chemica 
changes that take place when the wood is attacked. Those fungi u w 
completely disintegrate wood must elaborate enzj'mes that "aa a ac 
the cell walls (cytase), the lignm (ligninase), the cellulose (ce lu , 

hemicplluloso (liemicellulnse), and tho various other substances pre 


or formed as intermediates m the breakdown process. j 

The kinds and quantities of enzymes elaborated will depen on 
species of fungus, the nature of the substrate, the pH, t c \ ' 

and other factors. The following are some of the enzjTnes^ 
been reported as secreted by various wood-dostroymg ungi. 
amylases, asparaginase, catalase, cellulase, cytase, emu sm, erepw^ , 

^ Boyce, J.S., "Forest Patbology,**MeGi»rr-}UiBookCompany,l^'^'^^^ 


193S. 


* 60 * 411 , S. n , Ergeb. Entymfdrteh , Sj 267 (1939) 
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ase, glucosidase, hemicellulase, hippuncase, inulasc, invertase, laccase, 
lactase, ligninase, lipa&o, maltase, oxidase, pectinase, protease, raffinase, 
rennet, tannase, trj'psm, tyrosinase, urease, and others. 

Rots. — T m'o classes of rots are common in wood; the white rots, which 
may include pocket, stringj*, flaky, or mottled rots; and brown rots, 
which include pocket, stringy, mottled, ring, or cubical rots 

rots are produced chiefly by fungi that attack the lignin princi- 
pally, leaving white areas made up of cellulose compounds, and to a lesser 
degree by fungi that attack the cellulose and cause bleaching of the 
lignin. White rots arc especially addicted to Douglas firs but are found 
also m M hitc pine, other conifers, hardwoods, mine timbers, etc The red 
ring rot, whose causative agent is Pomes pint {Trametes pint), is a white 
pocket rot that attacks Douglas fir, ponderosa pine, and other woods 
It does not attack wood that is in use. Red ring rot is the most serious 
cause of loss due to decay in this country.* It attacks the heartnood 
particularly. Hardwoods may be attacked by Femes opplanatiis (the 
shelf fungus) when stored, or by Pomes ijnmntw. 

Brown rots arc commonlycaused by cellulo&e-attackmg fungi, although 
rots are not confined to these Tlic wood attacked by such fungi often 
may become so friable as to be pulverized by the fingers. Brown rot 
fungi may attack the sound wood which is found between areas attacked 
by white rot fungi Brown rots arc frcrjucntly found m building timbers 
Pona incraseala ii the cause of brown cubical rot, a drj’ rot that 
destroys mtlhona of dollars north of coniferous timber in buildings in 
this country each year, especially in the slatc-s lying near the coasts of 
the Gulf and the Northwest The fungus may traa^port moisture for 
se\erai feet through its riuzomorphs Tims it may attack and destroy 
wood which would otherwise remain dry Mcmlius lacrymans produces 
a similar type of destruction of coniferous wood This fungus, though 
common m Euroj>e, is found infrequently m the UnitedStates. Italso 
possesses riuzomorphs that may transport wafer for some distance Its 
growth Is not favoml bj high temperatures 

Brown rots of softwood are also caused by Po}i/porus schu-ctnilzit, 
PomcH pmiro/n. /■’ fonri.i, Tramdea serinles, and other fungi. 

Wood-staining Fungi. — The staining of wood ma)* be caused in 
general by two different ogcneies chemical action, in which ovidiring 
enzymes are active in hnnguig nijuut cidor changes in the sapwocxl, and 
fungi Tlic ^taIns or di'^'oJoralions produced by tiic fungi may Ik; con- 
fined mainly to the sijrf.uc of the woody material-, in which case lliey may 
l)C reiwlily removed hy planing or otlicr treatment, or they may jx'netrate 
deeply into the wood rendering >uch removal out of the qiio-tinn 
' llorvr, t»/» rU 
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Stains may appear on wood products, on logs, or on dead or dying 
ti^es. The stains are usually confined to the sapwood, although occa- 
sionally the heariwood is affected. The presence of suitable food, 
moisture, and an optimum temperature favors the production by fungi 
of stains of various shades For example, blue stains, which are very 
common, are produced by Ceraslostomella, Altcrnaria, and other molds; 
a grayish-black stain is caused by Torula ligniperda; a green stain by 
Chlorosphenim aeruginosum; a red stain by Fusarium negundi; and a 
yellow stain by Penicillivni divaricalum. 

In general, species of the following genera may produce discolorations 
that may be remo\ ed by planing, the use of steel brushes, or some other 
method: Altcrnariurn, Aspergillus, Cladosporium, Fusarium, Graphium, 
Mucor, Penicilhum, Rhisopus, Torula and others The stain or discolom- 
tion is usually produced aa a result of the color formed in the mycelium 
of the mold, as a result of a soluble pigment, or as a result of a chemical 
reaction between some compound produced by the mold and the wood. 

Staining may be prevented or controlled by drying the wood, by 
submerging it in water, by treating it chemically, or by other means. 
Drying of the wood is considered most effective; submergence is but a 
temporary measure. Occasionally wood may become stained before it 
can be dried. Resort may then be had to stain-preventing chemical 
dips Boyce* states that a dip composed of a 0.24 to 0,30 per cent solu- 
tion of 6.3 per cent ethyl mercuric chloride, or a 0.5 to 1 per cent solution 
of equal parts of sodium tetrachlorophcno.\ide and sodium 2-chlor^ 
orthophenylphenoxide, is effective in treating southern pines w bar 
woods. Hardwood and red gum may be treated with a 5 per cent solu ion 


of commercial borax. _ , , • 

Hubert,* as the result of an extensive investigation involving 
control of stain and decay in finished wood products (sue as oo , 
vdndow frames, and miUn'ork in general) which are expose to 
able moisture in sei^dce, has selected and recommended 
ing four chemical compounds out of the 25 cheraicab and jpd 

wood preservatives he has studied. These chcraic.d compoun ® 
pentaehlorophenol, o-phenylphenol, 2 -chlorO'O-pheny p cno 
Z>), and tetrachlorophenol Hubert* has outlined t e 
an effective preserv'ative for exterior milhrork, sue as sa , i 


frame stock . .*.,;nin!: of 

For further details connected irith the ^ , products 

wood by fungi, the render is referred to the works of the Forest 


* Boyce, tbid. 

. Hoteht, E. E, Ind Eng CJo«, 30: 12« ,5 , 533 . 

. HraEBT, E E ; We,lem Pm, As^dc. R«> , 
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Laboratory of the U.S. Department of Agriculture at Madison, Wis.; to 
the reports of the Bell Telephone System; to the texts listed at the end 
of this chapter — of which those by Boyce' and Hunt and Garratt* are of 
particular interest; and to the publications of the American Wood- 
preservers Association and the various schools of forestrj'. 

Examination of Wood for the Presence of Fungi. — Wood may be 
examined for the presence of fungi by macroscopic, microscopic, cultural, 
and other methods. Discolorations may indicate decay, stains, or merely 
mold growth. 

Cultural methods are used for the isolation of the agents producing 
decay and for the differentiation of various types. Media suitable for 
the desired purpose are used Bavendamm* used a 2 per cent malt 
agar containing 0 2 per cent tannic or gallic acid to differentiate between 
vhite-rot fungi and bronm-rot fungi Colonies of the former fungi 
produced dark halos or oxidation rings on the special agar due to the 
oxidases that they secreted; while the latter fungi did not produce such 
diffusion zones. Davidson, Campbell, and Blaisdcll,' ns the result of 
extensive research, have shown that the generalization of Bavendamm 
was essentially correct They used 0.5 per cent concentrations of gallic 
or tannic acid in malt agar. 

By the use of the microscope one may ascertain the presence of mold 
hyphae, boreholes (made by the perforation of tlie cell nail by hyphae), 
corrosion, and spiral cracks in the uood Hubert’s stain is helpful in 
the foregoing connection. 

Hubert’s Stain for the Exatntnahon of H'oorf.* — Small pieces of wood, 
about 1 cm cubed, are boiled in water for 30 min and then soaked in a 
solution of equal part.s of glycerol and ethanol until they become suffi- 
ciently soft to be cut readily with a razor blade 

Thin sections arc cut from the samples thus treated and immersed 
in a 2 per cent Bismarck brow n solution (in 70 per cent ethanol) for 1 to 2 
min , the time depending on the kind of wood, its density, the thickness 
of the spction.s and the degree of deterioration of the wood The excess 
of Bismarck brown is drained from the portions wlijch are then washed 
with distilled water The sections ore next immci>ed in a solution of 

' OoTcE, t6i<i 

* Ht NT, Cl .M , nnet <1 A (Uiomti. ''UockI Prr^matmn,’' .Xfrdwn-HiU /loot 

('.oinpinj, Inc , Xew 10?S 

•lUiEND^itM, W, Zrit l‘fl^n:rrtkrttn^.h PTlarurntchultj ^ 38: 2j7 (1028) 

* Dmn«ON, 11 \V, \V A CAurRCLL, anti D J Ulaisueli,, your Agr. Rtifarth, 
87: nsa (J03S) 

* Ih nrRT, E E , /’AylopnlAtrfo./y, 13: n022). Tiint«en, A C , and If. J Ocn- 

nrn, ‘'Tlic Microtnolec^ of CrniiIo«c, Hrtnicrllulo*)^, Pt-olin^ and Oxford 

Vnwep'it' Xon ^ork, 102T 
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methyl violet (1 part of a saturated aqueous solution of methyl violet 
mixed with 3 parts of distilled water) for 2 to 5 min. Under certain 
circumstances it may be desirable to use the saturated solution of the dye, 
stainingfor 1 to2min. T}iescctionsarcnow'washcd\vithdistiIled^\ater. 

The stained sections arc mounted in water on a glass slide and exam- 
ined microscopically. If the violet color appears to be faint, the sections 
should bo stained again with methyl violet. If the Bismarck brown is 
faint, the entire staining procedure should be repeated. Satisfactory 
sections arc covered \Yilb a cover glass, to prevent the sections from curl- 
ing, and dried slowly. (Egg albumen or gum arabic may be used to fe 
curled sections ) Permanent mounts may be made of the dried sections, 
using balsam or other material 

If a satisfactory stain, the mold hyphae become deep violet in color; 
the cell walls of the wood become yellow to brown; the wood tissues with 
c.xposed cellulose yield a mixed brown and violet color; and the contents of 
“medullary rays and the boarded pits of conifers" are dyed to a violet 
color usually. 

BACTERIA 

Bacteria and Wood Decay. — ^B.actcria exert a minor role in the decay 
of wood. Saprophytic types occasion.illy may increase the rote of decay 
by fungi. Under certain abnormal conditions cellulose-decomposing 
bacteria may bring about some breakdown of the wood. In general, it 
may be repeated that the higher fungi are mainly responsible for the 
destruction of wood. 

There are several nonmicrobic biological agencies of wood destriiction 
that are of great importance, and although they do not fall uithia t e 
general scope of this u ork it may not be out of place to give a brief r sum 
of them here. For fuller information the reader is referred to works deal- 
ing specifically with these animals 


INSECTS 

Termites. — Termites are insects that belong largely to the 
Termitidacy Kalolermitidae, and Rhinotermilidae.^ In the eas 
of the United States, Reticultlcrmes flavipes (Kollar) is a 'ery co 


species.* 

Termites occur where the climate is warm, genera y m 


the tropical 


> Kofoid, C. a. et al., "Termites and Termite Control," 2d ed Um^eraty 
California Press, Berkeley, 1934. , " 2 d ed , 

» Metcalf, C L , and W P . Flint, “Destructive and Tjefu j,jjgn,ythe 
McGraiv-Hill Book Company, Inc., New York, 1939, 

Termite," Comstock Publishing Company, Inc , Ithaca, • •. 
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and temperate regions. They cause great damage to ivoodcn structures, 
the losses amounting to millions of dollars annually. 

Although termites resemble ants In some respects and have been 
erroneously called “uhite ants,” they are not ants Their social organi- 
zation, in some ways, is similar to that of ants. They live in colonies, a 
single colony sometimes containing thousands of individuals. 

Workers (the termites largely responsible for building the colony, 
securing the food, and providing for the young) make up more than 75 



Tio ISO — Work of tho extern Kuhtmaneon termite m the mU of 6 hou«e Note the 
concentne arrangement of Uie pa»«agee dne to leannt; the harder summer »ood m each 
annual ring The knots are aWo not attacked (Ceurtesv <>/ C H Blake, T'ceh Ret , 41 
{No 3) cioao) 1 

pet cent of the termites. They are whitish in appearance and do not 
possess wings They cannot produce young, for they arc sterile 

Termites may be classified either as wood-dwelling or as subterranean 
termites ‘ Tile wood-dwcllmg termites include damp-wood termites 
and dry-w ood termites Tlie former arc found f reciucnlly m decaying, 
moist w ood ; w hile the latter arc found in wood of relatively low moisture 
content 

The Mibterranean termites compn^e a large part of the termites 
The genera f'opfofcrmca, UcltcuUtcrmeg, and llctcrvlcrmcs, of the family 
Ithinotcnmlulae, are known a'< “fcubtcrrancan termites” and cause much 
of the destructive aelion of economic importance These termites are 
widespread in distribution and arc \erj’ devastating in their action. 
Xew colonics may start in the ground or on the surface of the ground, 
damp or partially decayed wood forming a good site Moisture is 
required 

When subterranean termites attack the woo<I of a liuilding, they may 
construct a covered passage between the colony and the site of tiicir tun- 
' Koroib, op cil 
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ncling operations. The soil, rvood, feeal matter, and other material they 
use m budding the passage form a plaster that is characteristic. 

liie initial attacks of termites are usually made on the outer walls 
of a divelimg near the ground. Such wood may appear to be sound even 
though injured by termites. By tapping on the wood or by pressing on 
It, the damaged condition may be ascertained. 

The termites cut off small pieces of wood with their jaws.* The cel- 
lulose present in the wood is broken down to sugars by the Protozoa that 
are present in the stomachs of the termites. The Protozoa possess 
enzjTnes that liavc the ability to transform the cellulose, thus making 
the wood available as food for the termites. 



Flo, 121 — Surlace of on 0 . 1 k Ifoard mfosted with pewder*post beetles. The exit hole* 
are shown. They have a diameter of about tfe fn [Courtety of C. II. Blale, Tteh Bn, 
41 (No 3) (1030).] 

Although many termites cause destruction of useful materials, some 
are useful in returning dead wood to the soil 

The prevention of destruction by termites may be largely achieved by 
the use of proper construction methods. Where termites are known to ^ 
particularly destructive, materials that cannot be attacked should 
used. The use of a shield of copper, or some other metal, between t e 
foundation and the structure (if the building is to be made of woo ) JS 
advantageous. When timbers may come into contact with the soi , 
pressure impregnation with creosote is advocated. Creosote oil is goo 
when discoloration, inflammability, and odor are not considered un esir 
able. Timbers treated ^ith zinc chloride are clean, odorless, an 
be painted. Chromated zinc chloride is said to fix readily with 00 an 
to offer some resistance to fire. . , -2, 

For further information concerning termites and termite con ro , 
suit some of the publications listed at the end of this chapter. 

‘ Buke, C. II., New England Mus. Nat. Hill., Unfit 3, 1937, Tech. E”: 

(No. 3), January, 1939 
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Powder-post Beetles. — The powder-p 05 ,t beetles {Lyclidae) are the 
most important of the insects producing the damage knowm as "powder- 
post defect/’ The adult females lay eg^ in the wood. The latter 
develop into larvae, which live principally on starch Tunnels of an 
irregular nature are excavated by the grubs. The fine powder resultant 
from their burrowings may fall out, producing characteristic heaps of 
wood saivdust. The injury caused by the powder-post beetles is con- 
fined to the sapwood of woods of broad-leaved trees such as ash, hickorj', 
oak, and other woods.* 



Fia \i2 — Uoir MTiion of port of a pole worVed by carpenter ants Tlie true heicht of this 
Kpeeimcn is 11 niches (C'ourftry of (’ // Ittakr, T*rh llet . 21 (A’o 3) (1031) ) 

Carpenter Ants. — Carpenter ants are large black ants about 0 25 to 
0 5 in m length These insects dig tuiinch and galleries in m ood The 
passages made by them arc Larger, in general, than those produced by 
termites and contain none of the plaster characteristic of the latter insect. 
The excavated ood is not usetl for food, the passages serving merely as 
shelters Posts, stnictural timbers, and occasionally dwellings are 
attacked The ants arc very common m forests, where they may bo 
found m stumps and in fallen or standing trees that arc partially decayed 

» U S. Drpi Agr-, Dull. 333 (1016), 1332 (1931). and Farmfri’ Bull. 1473 (Ucm«cI 
10311 





marine borers 


ICo„r/°'” “,• ?!'™‘ ■n™?”’ Not. the 'iT ''“i Averaw diamtter of 

aav a/ C. H BlnKe, Tech Ret , il (A> '3>^l’s39_l j®' Pasaagea do not interaect 



countij- it oceurs^onTh "* I” 

water, dependin<r*'"^*#i'^^^ ^ fertilized in its body or in the 

have bivalve sheik™ a ^SSs develop into larvae, which 

that the individir ^^ce-swimming. It is during the larval period 

Entrance tn P^ece of wood and attach themselves, 

thus made is nf at right angles to the grain The tunnel 

grain grourin diameter Later the teredo burrows iritfa the 

larger Th ? j ^ ^®“sequently the excavations become 

sert'inff ftc ^ once inthin the wood, never leaves it, the wood 

The an? food.supply. 

crior end of the shipworm contains the ^'alves, which are 
Clapp, W. Jr., Cwil Eng , 7: 105 (1937). 
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active in boring. The posterior end is supplied with two tubes; one of 
these takes in water (eontaining dissolved oxygen and food) and the 
other functions as an excurrent siphon to expel water, wood, wastes, and 
other substances. 

The adult teredo sometimes reaches a length of 1 to 4 ft and a diam- 
eter of nearly 1 in Wood infested with these organisms will thus be 
weakened, the extent and rate of destruction depending on the numbers 
present; the species; the food available; the temperature, salinity, pH, 
and dissolved oxygen of the water; the presence or absence of pollution; 
and many other considerations. 

Clapp' reports that Teredo navalts has been outnumbered by the 
larger and more destructive T. megotara, T. dilatata, T. norvegiae, and 
T. Thompsoni in New England harbors 

Control of marine borers is, of course, very important. Research 
has done much to aid man in learning of the habits of the borers. Tost 
boards have been suspended at various points in harbors and along the 
coast to determine the species and numbers present and the conditions 
favoring or inhibiting their presence. Certain test boards have been 
treated in various ways with chemical agents or by other means to dis- 
cover methods of resisting the attack of the borers 

Studies of associated organisms have yielded much information of 
value that may bo used m predicting whether a certain location may at 
some future time be subject to the attacks of marine borers 

Timbers and structures may be treated in various ways to resist 
attack. Wood impregnated with creosote is resistant. The protection 
of timbers by metal and masonrj' ulicrc they are exposed to water is of 
great value. 

Boats may be protected by the application of special marine paints. 
According to Clapp, the timber keels, tlic j'arboard planking, the shaft 
logs, and the centerboard wells arc most susceptible to attack It is 
important to paint all exposed surfaces for the borers may tunnel in on 
submerged portions where the boat is unprotected by paint 

Martesia. — The individuals look much like small clams and may 
grow to a length of 2.6 in and a width of I in Much damage to marine 
structures is caused by this borer, principally on the Gulf of Mexico in 
this country 

The young of this genus move about in the water without restriction. 
They bore into timbers when small, the entrance.^ being u«imlly M m. or 
less* in diameter 

Crustacean Borers. Lvnnona h^nenim — Tlio dc-tnictive crustacean 
borers of importance include the isopods [Amnona and Spheicroma, and 
' Cu^rr, W. F , Ub Ih.ll 5, Jan. 17, 103S 
* IlCNT and G ^nn\TT, op eil. 
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APPENDIX A 

DETERGENCY, DISINFECTION, AND STERILIZATION 

The industrial microbiologist encounters other problems than those dealing irith 
the cultivation and large-scale propa^tion of the organisms he is to employ as bio- 
chemical reagents for the transformation of organic materials These problems 
involve the cleanliness and care of the eciuipnietit or apparatus he is to use, and the 
knowledge of how it can bo made and kept free from invading microbes Information 
on the general principles of detergency, disinfection, and stenliration will be found 
useful even though they ha\ c been worked out particularb* m processes pertaininR 
to public health and general sanitation 

Every bacteriologist recognizes the importance of cmplo> mg sterile media and 
apparatus Similarly, success m all technical fermentations depends on the applica- 
tion of some method or methods for inhibiting or destroying undesirable micro- 
organisms, nhich ore the ever-present enemies of the industna! microbiologist. The 
method used depends on the nature of the material to be stcnlued and on the proc- 
esses that may bo afTected Where heat may bo produced and applied cheaply 
VMthout injury to the chemical character of the ingredients, steam is an excellent 
agent and the most reliable one to use for sterilizing mashes, fermentable solutions, 
etc., and for treating vat«, pans, pipe hoes, and other equipment. In certain indus- 
tries, such as the acetono-butanol industry, « here asepsis is so vcir important, steam, 
usually under pressure, is used m preference to all other apcnls Other methods of 
Bterihzation, cither pliisical or chcmic.il, may be employed in indiviibia) eases, ns in 
the sterilization of nails, floors, bench tops, etc. IJcfore discussing these particular 
aspects of the subject further, it is ntll to define and explain the meanings of some of 
the terms used in connection v>,th the destruction or inhibition of microbial life 
rollon ing this a brief enumeration of (ho types of agents available for this kind of 
ivork mil be given 

iStenfizotion literally signifies the destruction of ail living ceils in a medium or 
environmeiit In commercial work the word is sometimrs locisel> eniplojisl to 
indicate a process of heating mth the intent to kill germs Heal is the most common 
etcnlizing agent 

A grrmtoift is anything, but espeewHv a physical or ehcinical agent, th.sl destroy s 
germs Patterson' slates that "m practice it is assumed tbit it siiliatance representeil 
as ft gcrniicidc, when usoil as directeil. nill kill nil ortlmarv disease germs, but is not 
iiocossarilv reriuircd to be capable of dcstroving liattcri.si spores ” lie further atntes 
that "m combatting diseases (such ns antbrax or tetanus) rau»cvl by spore-fnrtniiig 
bacteria, germienles or proceilures sjKvially clTecUve ngninst spores « ill be rerjuireil '' 
Obviously in trclinicn! fermentations the term "vcgetofne cells’' sboiild be siibsli- 
tiitcil for •‘di'.eft.te germs ’’ 

A "fwrfcncefcisanvthinglb.sl drslrov'shscicrw It does not iiecensanly destrov 
(ho sjyirefl of bsctrm, however KurtbenntiTc it m a more restricted term than 
Ceniiiride 

fungtndf is any thing tlial deatroj* fungi. 

' PviTEasos. .\ M., Am Jour. Pub, Htalih, 92: 11933) 

817 
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All anUsepUc is n "siilistaiice tliat oppose eepsh, putrefaction or decay; one that 
prevents or arrests tlic prow tli or action of micro-organisms, cither by inhibiting their 
nrtivily or dost roving thorn; nsotl rspecinily of agents appled to Jiving tissues”* 
/?arfcri(33m«M is a term siKnifyini; a suspension of animation and reproduction bv 
Iiaeterift due to tlie influence of an agent knonm ns a "bacteriostatic agent.” It does 
not impl)' destruction of bacteria, nltbough bacterioslatic agents, in high concentra- 
tion or acting o\or n long |>eriml of time, may permanently destroy the ability of the 
(lactcria to reproduce. The term "bactcriostasis' ^as introduced by Churchman 
m 1912. 5onio of the triplienyJmetlianc dyes, such as crystal violet and brilliant 
green, and inereurials posse.ss high bacteriostatic properties, especially in relation to 
certain Grani*positn*e bactcn.a. 

FunQ}Slan9, eiinilarb'. stgntrieH n cessation of animation and reproduction by funp 
A diiinjtctant is nn "agent that frees from infection; usually, a chemical agent 
which destroys disease germs or other h.armrul micro-organisms (but not, ordinarily, 
bacterial sporesl, eomnionly u«e<l of siitistanees applied to inanimate objects *'* 
DiHuifection and stcribration will be discus'icd in tills clmpfcr primarily in relation 
to their indiistriul nspects. 

Agents. — Agents for stcrihiation include physical and chemical agents, Physical 
ugenta iiichnle the use of high temperatures applidl either as Bte.'im or dry heat for 
stonlualion and pastcunz.aiion. the use of sunlight and ultraviolet light; the use 
of drying, pressure, lugh-frcqueney sound waves, or elcctric.'il currents; and filtra- 
tion methods (licmicnl agents include a yery large list of substances from simple 
Balts or soaps to spccml conipoiinds. some of which nre of complete structure. F 
the sake of simplicity, clicmical agents may l>e elassifled oo the basis of their chcmic 
structure into acids, alkalies, phenols and phenol dcriv.ativcs; salts nod compoum 
of heavy mctnlH, alcohols, halogens, dyes, and other compounds. In Table ITSseier 
examples from the great number of the various cla«se3 of chemical agents thatmaj 
employed in dminfeetion with good results are given, although the agents men icme 
are not neccssanly better than many others unl'isteil. 

Taulb 173 — SosiE Cur.siirsi, Aobvts Used as Antiseptics, CrRincmEs, oa 
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The Phenol-coefficient Test. — ^Thja test is used in some form in nearly every civi- 
lized country in the world as the procedure for comparative rating of disinfccl.ants It 
IS a "standard” procedure used by the Food and Drug Administration,' nhich annu- 
ally examines hundreds of samples of disinfectants, germicides, and bactericides Pro- 
vided that a variety of conditions and a fairly large number of test organisms are used, 
this test may supply much valuable information. On the other hand it may require 
only a few tests to indicate that a substance has no p.irtjcular value as a disinfectant. 

Limitations of the Phenol-coefficient Test— The phenol-coc/hcicnt test was 
designed to evaluate disinfectants that were closely related to phenol m chemical 
structure. This test is unsuif ed for the cvaliiabon of substances quite tmhke phenol 
and for substances insoluble in water. It gives no lofornwtion concerning the ability 
of the chemical agent to penetrate organic matter, nor its toxicity to tissues. 

Defiaition of Phenol Coefficient. — The phenol coefficient is a term that expresses 
the germicidal action of n chemical agent toward a test organism at a gi\ en tempern- 
ture in terms of the action of phenol under identical conditions Thus a phenol 
coefficient of 5 0 moans that an agent is live times as eficctiic ns phenol under a given 
set of conditions, v.hiclv should be spccifiwi Should n phenol coefficient be Kt.ated 
on the label of a container « ithout the name of the Uat organism or the temperature 
of the tost, then it is understood that the test ons carried out with ElerlheHa typhosn 
(Hopkins strain) at a medication temperature of 20*r. 

E. typhosa (Hopkins strain), which may he secured from the Food and Drug 
AdcninUtratioR at \Vashingfon, D C , is the 8tand.ird test organism used in testing 
disinfectants This organism is cultivated under a Btond.srd set of conditions, as 
outlined in Circular 198, Food and Druff Admimstralion, V£ />r;)orf?npnl t>/ Apricwf- 
(ure, and should demonstrate a fairly constant resHtnnee to phenol at 20* and 37*C. 
Sjiould its resistance vary appreciably, « new subculture should be obtained for test 
purposes 

Calculation of the Phenol Coefficient. — To caleukitc the phenol coefficient, the 
denominator of the fraction expressing the highest dilution of the chemic.nl agent th.nt 
destroy s the test organism in 10 but not 5 min »s dmdc«l bs the denominator of the 
fraction exprcssingthohighest dilution of phenol that destrois the test organism in 10 
but not 5 mtn. under the same set of conditions 

Ijet ua suppose that a test was c.xrncd out necordmg to Food and Drug Administra- 
tion methods, using .StapAy/ocoreus oureus, ( •©' ernroent a spend strain that may 

fw used in testing germicides and antiseptics, as the test org.amsm at n metbeation 
temperature of 20®C , and let us etipposc that the d.it.a shown in the tabic on pige 850 
were oiilamed 

Tlie phenol coefficient, caleiibled from Ibese data, is ****^0 “25 

Procedure in the Phenol-coefficient Test.— The loorl and Drug Administration 
test ts mule m the following manner Dilutions of phenol and of the disinfeclnnt, 
or germietde, are prepareti in a senes of slenlizeU medie.xtion tubes (Ih rex tiilies with 
a diameter of 2.'i mm and a height of I50mm > Just 5 re of the ehcmifal agents or 
of dilutions of them arc left in r.sch tiiJie Tlie tiitics are piicrrl in a rack in a water 
bath adjiistwl to the desiretl lemperntiire and permitted to etand for at )r.%st 5 min. 
licforc the test IS earned out. in order to hnng (he ten»?»eratiire of the eonfrnfs of (lie 
tidies to that of the b.sth The b.sth ahnnld provwled with an eniricnl atirrcr and 
an aerunte thennostal capsbie of maintaining the teropemiiirr withm 0 1*C. or 
less, of Ih.st desireil 

The test culture, which aliouM lu> 21 hr old f22 to 20 hr ) and which ehouM Iw 

' ( .V Dept. Agr ,YD.\, Ct'c 15)3, Di*eeint>er, IP31 
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flubcultured euccessively at tlajJy Jnten'als /or at least 5 days before use, m order (o 
activate it, is shaken vigorously to break up the small clumps of bacteria that may 
be present and is placed in the water bath at least 15 min. before the test is carried 
out. Sufficient of the test culture is drawn into a single sterile pipette to inoculate 
c%’cry tube of the series. To each 5 cc. portion of the chemical solutions in the medica- 
tion tubes is added 0.5 cc. of a broth culture of the tost organism. At intcn-als of 
5, 10, and 15 min., a 4-mm. loopful (No. 23 B. d: S. gauge phatinum wire) of material 
is withdrawn from each tub© and planted in a coircspond/ng tube of Beddish broth, 
or of the medium that is especially adapted for the growth of the organism being 
studied. The subculture tubes are incubated at the temperature most favorable 
for the growth of the test organism. Prcliminarj’ observations may be made after 
24 hr., but final observations should not be made until the end of 48 hr. Under 
certain conditions, it may be advisable to incubate the subculture tubes for longer 
periods of time, especially if a substance auspected of possessing high bactenoslatic 
properties is being examined. 
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they are adequate. It is always deairable to duplicate results Estimated values 
should be substantiated by further tests 

It is to be repeated that substances quite unlike phenol should not be e'camined 
by this method but by others that arc more appropriate. 

For other details concerning this test the student is referred to Circular 198, Food 
and Drug /Idmjmslrotion, U.S DepaHment of AgrteuUure (December, 1931). 

Since the publication of the U S. Food and Drug Administration Methods of 
Testing Disinfectants and Antiseptics, several methods for evaluating germicides and 
antiseptics have been reported Although these arc not now to be regarded as 
standard, they offer, in many instances, substantial improvements in methods of 
evaluation. They may be regarded as other types of measuring sticks. 

ReqiUrements of a Disinfectant. — The requirements of a disinfectant will depend 
on the purposes for which it is to be used In general, a disinfectant should possess 
higli germicidal nctmty , should be effective in the presence of organic matter and at 
the pll and temperature used, should be stable, should be water soluble (for many 
purposes) . should impart no undesirable color or odor, should possess no undue to'cic- 
ity for animals, and should be capable of being produced at a reasonable cost Obvi- 
ously it IS not an easy matter to produce a chemical agent that is ideal m all nays 

A chemical agent would have kittle value if it did not possess the ability to destroy 
various types of bacteria, molds, and/or > casts, pathogenic and nonpathogenic, under 
the conditions of use Since most substances of this nature are ineffective or merely 
antiseptic in very dilute form, the disinfectant must not be used m too low a con« 
centration if it is to be effective. A useful method for calculating a satisfactory 
dilution IS to multiply the so^alled "phenol coefficient” (a figure obtained under 
special conditions at 20*(' , using BberthtUa typhosa (Hopkins strain) as the test 
organism) hy 20 The reciprocal of this figure is the dilution that may be used For 
example, a disinfectant with an E typhow phenol coefficient of 5 might be cmplojed 
in a dilution equal to the reciprocal of 20 X 5, or Moo. that is, 1 p.art of disinfectant 
m 09 parts of water. This is the concentration that corresponds to a ^ a, or 6 per 
cent, phenol solution. 

Almost all disinfectants are reduced m chemical eflicacy by the presence of organic 
matter. This is true of hypochlorites, mercutwls. and other compounds. Fhenol 
and tncrcsols are not so much affected by organic matter as certain other disinfectants. 

The reaction at which a disinfectant is used is at times very important. Hypo- 
chlorites are s cry much more cffcctis'c at a slightly acid reaction Certain other 
compounds are more efficacious when tho pH is relatively high. The flaiines, for 
example, acnfiavinc, arc more effective when the re.sction is slkahnc 

Temperature is a very important factor m disinfection It is a well-known fact 
that chemical reactions usually proceed more rapidly as the temperature is elcvatixl 
Disinfectants, ns a rule, arc more effective at 37*r. tluvn at 20*C or at low er tempera- 
tures There nrc apparent exceptions to this rule, howei cr 

It IS important to have information conccming the solubility of the disinfectant 
in water and other solvents For most practical applications of disinfection, water- 
soluble tipes of chemical compounds are essential, ns, for example, m treating a 
water supply or in stcrihxmg the walls of tanks, pipes, etc. Under eertam conditions 
it may be desirable to impregnate substances, such as fish nets, tents, or tarpaulins 
with a sulxlancc thst will not lie wa»h«l out when the fabric comes into contact 
with water, as it must sooner or Ister 

Stabilitv IS an important requirement for a disinfectant Most chemicals are not 
usexi at once after their manufacture. Tliey mav remain for months as un«<>I<l stock 
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Kvpii nftcr purchnso by the ultimnte cooflumcr, the a^cnt may not he used immedi- 
ately. It is, tiicrcforc, important that the disinfectant should be stable or that the 
approximate rate of its decomposition be kno>m. Cognirance is taken of these facts 
m the distribution of liquid hypochlorites. For this typo of disinfectant, it is impor- 
tant that the date of manufacture, the quantity of available chlorine at that date, 
expressed m percontaRO, and the approximate rate of decomposition when stored in a 
cool, <iark place at a temperature not higher than 20“C. be known. 

Ways and means for aiding in the stabilisation of relatively unstable compounds 
arc known in rnanj' cases. i/ypochJorites may he partially stabilized by adjusting 
the pll to extreme alkalinity through the use of sodium and/or calcium hydrates, 
sodium carbonate, or other suitable alkaline siiliatances. Obviously the pH of these 
compounds must lie adjusted to a much lower value for effective germicidal action. 
This may bo done at the time of use. Peroxides may he st.abiHzed by the use of small 
amounts of acetphcnctididc or of acetanilide or by other means For example, 
Perhexogen is a hydrogen peroxide in a solvent of tertiary butanol with a trace of 
mctaphosphoric acid as a preservative.' 

Under some circumstances it may make no special difference whether a disinfectant 
imparts a color or not, but usually one that does not add color is desirable, Creo- 
sotes are excellent disinfectants for the treatment of wood, but they cannot be used on 
surfaces that are to bo paintc<l, or the inner surfaces of vats or tanks. 

The question of odor is an important one also, Phenols and crcsols cannot be 
used in food cstnhhslimcnts near foods on account of the readiness with which msny 
types of foods absorb odors One pari of phenol in several million parts of water may 
bo readily detected by the average mdixidual, and its odor may be imparted to 
even when the dilution is great. Compounds must not be used to treat interior wood- 
work if tliey evolve undesirable odors. 

Disinfectants intended for general plant purposes wherc^ there is likely to e 
rontact with the hands or skin must not possess too great toxicity. In the disvn ee- 
tion of atables, it is essential to use a disinfectant which n-ill destroy pathogens « 
tthich will not injure livestock Certainly disinfectants used in the treatmen 
equipment that is used in connection xrilh manufacture of food or bexerages rous 
not possess high toxieitj’. CliJonne compounds, chlorine, and hy^e 
especially valuable for the latter purposes Scales* has pointed out t e ' * 
of using alkyl aryl sulphonatc, cither alone or with a cblonnc so u ion. 

« ere readily destroyed by low concentrations of the compound. ^ 

The question of toxicity to tissues is, of course, of paramount importance 


case of germicnlcs nnd antiseptics. ^ ^ aqueous sob* 

Chlorine Solutions. — Chlorh * " ’ Chlorine is 

tions of chlorine, hypochlontc water used 

much used in the treatment of hypo* 

for cleaning fish, and for many c . . , j ealciuni 

chlorite (NaOCl), which has been made alkaline with s n i hi-twchlorite, 
P ntber alkaline salt; and calcium 


than 7. Zonite, Bacili Kil, Eusol, and Pcrchloron sulphon- 

The chloramine compounds mclude chloramme-T (?>- o 

* Combes, F. C., ;V.K. State Jour. Med, Nov. 15 , 1937. . i As«oria- 

* ScAtEs, F M.. paper presented to laboratory Section of Interna 
tion of Milk Dealers, Oct. 17, 1938 
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chloramide), di'chloramine-T (p-to!uene sulphon-^jchloramide), and Azochloramid 
(y.iV'-dichloroazo-dicarbonamidine). ChIonimine»T is water soluble and liberates 
hypocUorous acid in aqueous solution. Dichloramme-T is insoluble in water, it is 
miTcd with a chlorinated oil. Aiochloramid liberates chlorine \ cry slowly and is 
said to produce good results in surgical antisepsis. 

A commercial standard for "liquid hypochlorite disinfectant, deodorant and 
germicide" (CS 6S-38) became effective on June 10, 193S ‘ Herein it is stated that 
the chlorine content of a hypochlorite solution shall appear on the label and shall not 
be less than 2.5 per cent ^\Tien stored in the original container in a dark place at a 
maximum temperature of 20*C. (fiS^F the rate of deterioration of the compound 
shall not be greater than 10 per cent of the original content of available chlonne in 
6 months. 

Considerable research concerning chlorine solutions has been earned out Signifi- 
cant papers have been presented by Johns. Chariton and Lcaane, Costigan, and 
others As is the case with many disinfectants, temperature, pH, and concentrstion 
are very important factors in connection with the efficiency of germicidal action. 
Hypochlorites and chloramine-T solutions are strongly affected by pll changes, 
being very much more effective germicidally in slightly acid solutions than in alkaline 
solutions. Chloramine solutions appear to be less affected by pH changes * 

Charlton and Levine are of the opinion that the undissocioted hypochlorous acid 
(HOC)) 13 tho most important germicidal agent of hypochlorites Unciissociatcd 
hypochlorous acid is apparently not the significant factor in tho ca«e of simple chlor- 
amines or chIorammc*T. where it is believed that the positively charged chlorine atom 
is mainly responsible for the disinfecting action 

In general, the germicidal efficiency of chlorine and hvpochioritcs is considerabl) 
reduced by the presence of organic matter. Accordingly, it is estentinl to dean a 
surface thoroughly before applying the chlorine solution. 

Quaternary Ammonium Compounds.— These are surface-aotive agents, which are 
nidely used as sanitizing agent? and germicide? Thej* arc active m rclalncly lugh 
dilution? and are relatively nonlotic, noncorrosive. free of color, tasteless and odorless 
in the concentrations usually cmployeil Thev arc soluble m water They h.s?-c a 
nitic range of comp.itibiiitie?, but are incompatible with soap, certain anionic com- 
pounds, and some detergents. 

Information concerning the quaternary ammonium compounds has been rcxieweii 
by Itahn and Van H«oItme (1917), I.anrenec (1047), Vnriev (1917), lluckcr, iJrooks, 
•Metcalf, and Van fisdtino (1917), Huon (1910). and others Tlie use of these com- 
pounds in tlie brewing indu?trj has been descnlwd bj Ixihn and Vignolo (lt)lCi 

The quatemarj ammonium compound is one built around the nilroRcn atom that 
enntama fi\e xalenee Imnds Four of these Imoda are attached to adjacent carbon 
atom? of org.anic radical? and one i? attache?! loan inorganic or organip radical Itoth 
noncychc and cjclic qu.afornary amniomum conipouml? arc manufaciurcil for use a? 
sanitiier? and germicide? Tho formula? of different tipes of these compounds are 
prpscnteil in Table 174 

Detergents.— detergent is a substance that clpan«ps 

The more common detergent? include c.austic soda (S'oOH), sods ash or sodmm 
cnrlKiiiatc (XbiCOi), trL«odium phosphate (XaiFUtl.aodiiim mcta?ilicatr. and sodium 


‘ f .X D'pt. Comm., Xal Pur. Sinndnrdi, Com Statuiard, I'lAS 

* < iMHi-To?. f) , and .M. l.rnisn, loKaSMrCotl dgr Mrrh. Ant, Eng. Eipt.Ein , 
lh.n 1.32. I'l-TT. 
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hoxamctaphospliate KNaPO.). or N»,(Na,P.O,.)l. Various mutures ot the tec 
Roing arc employed. 

Caustic soda forms the base of Bcvera! cleaning solutions. The concentration of 
sodium hydroxide used will depend upon the type of work being done. The American 
Bottlers of Carbonated Beverngea state that a minimum of 3 per cent alkali solution 
should bo used in treating unclean Ixittics, of which not loss than 60 per cent fl 8 per 
cent) must be caustic soda The bottles must be exposed to this solution for not less 
tlian 5 min. at a temperature of not less than 130®C. An “equivalent cleansing and 
steniizing process" may be sulrslitutcd for the foregoing. The usual concentration 
of sodium hydroxide used may vary from 0.5 to 4 per cent. Many bacterial spores 
and other resistant h.ncteria are destroyed under these conditions. For example. 
Arnold and Ix*vinc have reported that Staphylocoecus aureus was destroyed w 10 
min.' at 98 6*F. b}* a 1.5 per cent concentration of caustic soda. 

Trisodium phosphate is much used as a cleaning compound. It is less efficient 
ns n germicide than caustic soda. Trisodium phosphate, soda ash, sodium meta* 
silicate, and sodium hexametaphosphate arc used in combination with caustic soda 
to produce more cfTlcicnt cleansing. Caustic soda produces good defloceulation and 
emulsification but rather poor wetting and rinsing results. Trisodium phosphate 
and sodium mctasilicatc when mixed with caustic eoda improve the eHiciency of the 
combination, for these compoumls are good rinsing agents, in addition to their other 
qualifications. Sodium hexametaphosphate aids in the removal of bacteria fmm 
glassware. Surface-active agents may increase the efficiency of cleaners. 

In any washing operation, the efficiency of the detergents will depend on the 
tlioroiighncax with which the process is carried out mcchanicallyj the nature and 
amount of the soil, the kinds ati<l quantities of the detergents used; the ability of the 
detergents to emulsify and saponify the fatty components of the soQ; the solution, 
netting, and rinsing abilitiC'i of (he detergents, the temperature ol therleansingna er, 
the germicidal action, and other factors. . 

During recent years considerable information concerning the detergent 
various compounds has been published. A few references to such literature 
found immediately following 
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the treatment and disposal op 
industrial microbiolgical wastes 

■" ‘h" treatment ot Wustrial wastes 
t (lomistic aewnee when the amount anil character ot the organic mailer is sack 
to eers c as a aubatralc for liactcnal or other microbic action. Such fermentations 
arc nomctimca based on an effort to utilise as fully a, possible the fermentable material 
n ith the production of some caseous, or other, product such ns methane, ahich might 
he utilixefl as a source of lieat cnerfor in the industrial operation of the plant. In 
ot icr instances the mm is to degrade the organic matter by fermentations so that it 
la no longer putrescible, or so that the amount of putresciblc matter eventually 
cuscharged into sewora, streams, or other bodies of water will be reduced to a rainimum 
ana thus produce little or no effect on the fish or other natural inhabitants of the waters 
receiving such partially purified wastes. 

The disposal of wastes from industrial plants presents special problems in some 
localities and in particular types of industries on account of the relatively large 
content of organic matter and the high biochemical oxygen demand (B,O.D.) of these 
wastes. Indeed the extra load placed on sewage treatment plants by some of these 
industrial plants may be the equivalent of the load from the inhabitants of a good- 
sized city. 

Wastes from plants utilizing raw materials rich in carbohydrates, proteins, or fats 
offer special problems in purification by microbic methods. Thus the wastes from 
the manufacture of corn sugar or starch; from sugar mills; from milk, butter, and 
cheese plants; or from canneries and slaughtering and ineat-p.icking establuhincats 
may c.ausc serious nuisances and high pollution of the waters into which the sewage 
Is discharged unless there is n high degree of breakdown of organic matter previous 
to such discharge 

Water is used for many purposes in an industrial plant,* the most important of 
which is in connection with some aspect of processing of materials. Process aater, 
which of course vanes considerably in amounts, according to the industry, contains 
a relatively large amount of organic matter This may be dissolved, colloidal, or m 
fine p.articles that settle on standing. For example, process liquors may contain from 
1 to 7 per cent of total solids. The inorganic matter and scUleable solids account or 
less than 50 per cent of the total solids, while much of the organic matter w m true 
solution and is not removed by the ordinary processes of coagulation. 
ultrafiltration does not remove the matter in true solulion, whereas it may 
the B.O.D. of domestic sewage to zero. Thus industrial sewage differs from omes 
sewage in several respects. . , v, 

Liquid w'astes, whether treated or not, are generally disposed of ultima } ^ 

the method of dilution, in which they are discharged mto streams of fres »a 
into large bodies of water, such as the Great Lakes, or tidal waters such as ay • 
a small percentage of cases land treatment may be used. 
iBuswbll, a. Af., TPolcr irorka and Seveerage, Apnl. 1935. 
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Provided that they have been stabilized or sufficiently diluted, after screeninR 
to remove large floating objects, or filtered to take out suspended matter, no nuisances 
or destructive action will generally arise as the result of the disposal of wastes from 
fermentation plants But should there be a lack of dissolved ox 3 ’gen in the streams 
as a result of improper treatment of thesiastespnor to the disposal of them, nuisances 
may arise and the water may be rendered incaf^ble of supporting fish and other 
desirable forms of life. 

In general, two methods, one aerobic, the other anaerobic, may be used to stabilize 
sewage, although various modifications and combinations of the two may be used. 
In the aerobic method, in which the effluent is of low color and B O.D , the organic 
compounds are decomposed with the formation of carbon diovide, water, and a small 
residue consisting largely of colloidal and suspended matter. Among the recom- 
mended aerobic methods arc trickling filters and activated-sludge treatments In 
the anaerobic method, methane, carbon dioxide, and a humus-]ike solid arc the mam 
products formed, according to Buswcll • The ratio of methane to carbon dioxide 
vanes gencrallj* from 1:1 to 3 1, depending on the nature of the wastes and the 
conditions of the fermentation A wide variety of organic waste materials, with 
the exception of mineral oils, may be fermented to produce these gases The methane 
evolved may be used as a fuel, while the carbon dioxide might be recovered if m 
Buffleient quantity and used in the manufacture of dry ice or for some other purpose 
^VTien conditions permit, an anaerobic method m which the methane formed is used 
for fuel may be the moat economical one for the treatment of trade wastes from 
large plants Although there is a 75 to 90 per cent reduction* m the BOD, this, as 
well as the color, is still relatively high after anaerobic treatment. Tliercforc, such 
effluents arc improved by aerobic treatment. 

The control of acidity is important m the treatment of industrial nastos, for 
example, of beer slop from distilleries and of brewery steep water. Wastes that arc 
highly acid cannot be treated directly by aerobic methods, even when the load is 
small. However, such wastes when neutrahied or diluted from J : 10 to 1. 100 with 
w'ater or domestic sewage may be suitably treated, nie limit of aeiditj* m the anaero- 
bic treatment when imdisturbed continuous fermentation is desired is approximately 
2,000 p p m., calculated os acetic acid » 

The wastes are recovered in the greater number of the large industri.sl plants, 
but if the liquid wastes arc loo dilute, rccoverj- of products is impracticable, and tho.v 
maj’ then be stabilized by treatment at the plant or by the city treatment pl.ants 

Some Present Methods of Treating and Disposing of Wastes. — Wastes ma.v be 
iksposed of or utilized in several diflcrent wajs Thej may be disposed of by dilution 
without any preliminary treatment, other tb.an Bcrcemng. This is done m the ease 
•tt some plants situated in foe.alities w here thescirageiseonieiedoiit to sea or dumped 
into other bodies of wafer. Wastes may l>c anaerobically deeompo-<e<l and the 
methane prwliieed uxe<l for fuel The wastes from certain fermentation plmts and 
fowl manufacturing plants may be concentrated and used as a food for livestock 
Certain wastes maj* be concentrated and, on account of tbeir potassium content, 
user! a.s a constituent of fertilizers. In rum and whusk> plants, from 15 to 35 per cent 
of the liquid residue from distillation (the distillation slops) is generally used m 
addition to a fresh suppb' of wafer in preparing new mashes. Wastes from email 
plants, which do not operate eontinuouslr, may be disposevl of by broad irrigation 
or Isgooning. Other mcthtxls for treating wastes are Iwing inv estigsted. 

' Hi sw r-LL. A. M., Irui. Kng 31: J3JO-I351 (1030) 

* Ibid. 
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IVa^tes from Induslnal-aleohol Pfanto.— In an industrial-alcohol plant that uses 
molasses as the raw material, the slops may have a total solid content of 5 per cent ' 
organic solids amounting to 4 per cent, and a 5-day B.O.D. of about 22,000 p p m -a 
high pollution load. Such wastes may be concentrated in multiple-effect evaporators 
and then incinerated. The ash, which contains approWmate/y S3 per cent potassium 
oxide, IS sold to fertilizer manufacturers. When the price for potash is high, the 
recovery of this slop is worth while. Otherwise recovery adds to the cost o[ produc- 
ing alcohol, 


Some concentrated slop is dried and marketed as chicken feed. Such rnaferwl is 
laxative in nature and hygroscopic. 

Such Wastes may be digested anaerobically and stabilized aerobically. 

U'astes from Yeast Plants — The wastes from a yeast plant ordinarily contain 1 
to 3 per cent of total solids’ and have a 5-day B.O.D. of 7,000 to 14,000 ppm. This 
waste 13 too weak to justify the expense of recovery for stock feed, but, on the other 
hand, the load is sufficiently high to cause serious pollution of streams Such wastes 
ma^* be digested anaerobically and then stabilized aerobically by treatment on 
trickling filters. 

IVastes from BreiL'eras.—The liquid wastes from a brewery include those from the 
brewer’s grain, from the recovery of yeast, and from the wash water of the various 
departments of the brewery. The waste from brewer’s grain may contain 3 per cent 
«:olida and have a 5-day B.O D. of 10,000 to 25,000 ppm It has been estimated 
that the combined wastes from a brewery, per 31-gal barrel of beer, are equivalent 
to those of a population load of 15 to 25 persons * Such wastes, however, are too 
dilute to warrant recovering them as stock feed. They may be disposed of cither 
separately or together with domestic sewage through the usual standard method* 
of treatment. 

IF’ustes from DiaiilUnes.—'tbs slops from the stills of a distillery may eon am 
from 4.75 to 6 per cent of total solids* and 2.5 to 3 per cent of soluble solida anti mav 
have a 5-day B.O.D. of JS,000 lo 20,000 p.p.m. The slop and wash water from each 
bushel of grain ground usually amounts to 45 to 55 gal. The sohds remaining a «c 

the distillation, known as “distiller's grams,” arc sold as stock feed. ij ,« 

In one large distillery, the liquid wastes are screened, the susi^nv e * 
removed by centrifuges, and the liquor is then evaporated in miiltip m ec e 
tors. The material thus recovered is sold as a feed. 


tors, me material tnus recovcrca IS soiu na » 

In large plants in general, the wastes are screened and the screenings r • 

slop may be evaporated, dried, and incorporated with the rje screen „ 

combined recovered product amounts to about 18 lb. per biiahc i* 
ground gram * . * 1,0 Kcn»eniDgs 

In small distilleries, on the other hand, the slop may be ' Tfsually 

pressed and dried, and the weak slop disposed of along with eround. 

8 to 10 pounds* of dried material are recovered from each ® pgpor 

The Wastes from a distillery, which contain 3 to 4 per cen o 0 ” . b.icteri.i 

cent of organic acids, and arc still hot, may be ferment^ } 
wuth the production of a mixture of methane and carbon v>x\ , a ^ sludge 

58 to 72 per cent of the organic matter js gasified m 2 to jjgpQged of m 

is inoffensive and stable, while the liquid Wastes may e sa 

Waslei Jram Acetone-hutanol Plantt —The slop Irom the acefone-holsoo' 

la^pr, C. IS , Ind. Eng. Ckem., 31: 1335-133? (IMI) 

' Md 
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in which molasses is fermented may have a 5^1ay B.O.D, of 7,000 to 11,000 p.p m ‘ 
It 13 thus a heavy waste This waste may be digested anaerobically and stabilized 
by aerobic treatment. Some slop la concentrated, dncd by the drum method, and 
distributed to stoch-feed mixers as a source ol vitamin G, for such concentrates 
contain 70 to lOO micrograms of thi3 vitamin per gram 

ircifcs fron Dairy Plants . — Very large quantities of dairy wastes are discarded 
each year to the sewer. The wastes include those from pasteurizing and bottling 
plants, from creameries, and from cheese factories. The total solid content of these 
wastes may vary from a fraction to about 4 per cent. Chemical precipitation of 
milk wastes is of little value in reducing the pollution load, since the lactose and other 
soluble solids that are not precipitated are readily attacked by bacteria and other 
microorganisms. 

A very dilute milk waste will cause no trouble when disposed of along with other 
sewage. Ifowever, dairj- wastes may frequently be the eausc of considoralilc nui- 
sance — the failure of scwage-lrealroent processes to operate successfully, the ilestrue- 
tion of the normal life of a stream, etc 

Dairy wastes may be treated by one of the standard methods for treating domestic 
sewage or they may be fermented anaerobically according to the method dcvclopctl 
by Boruff and Boswell,’ wherein methane is produced as an important end product 
and IS utilized for fuel purposes 

After certain preliminary treatment, which may involve the removal of settlcahle 
Rolids and grease, dairy w astes w iih a total solid content of no greater than 0 05 to 1 
pet cent* may be efTicicntly treated by one of the standard aerobic filter methods 
The wastes may be passed through trickling fillers with cnpanties for fOO.OOO to 
2,000,000 gal of liquid wastes per acre per day, through lath filters with eapicitics for 
250,000 to 2,250,000 gal per acre per day, or through sand filters, which may have 
capacities for 60,000 gal per acre per day.* 

Milk W'astcs may be disposed of by broad irrigation, but not infrequently dis- 
eBrccaVdc odors may arise from lagoons unless the wastes are prechlonnated. 

In an anaerobic method recommended b> Uuswcll and bis nssociatcs,’ t)5 per cent, 
or greater, of the pollution load msv be rcmo'cil. while 8 3 to 12 4 cu ft of g.ss may 
be produced from each pound of dried solids addnl to the fermentation tanks The 
fihcrtsi cflliicnt from these tanks mav be further trcatcil, i! desired, by one of the 
standard filter methods. The cost of this treatment, in which methane and earlion 
dioxide are the mam gases produced, with smafi quantities of hy drogen and nitrogen, 
has been estimated by IhiswcH and his associates to be considerably less than that 
for presonl-day standard methods 

The anaerobic fcrmenttition process developed by HorutT and ftusweli may be 
earriwl out in a single tank or in two tanks eonneeterf in "ene« ffefore dairi w-a«fes 
are introduced, the tank w fiUeil aliout one*tluwf full with well-sligeslcf sewage 
sludge and asbestos fibers and the remaining tw€»-thmls with o\cr-flow lupior (which 
has liecn permitteil to scitld from an anaerobic sewngc tank The a.sl>e“tos fil>ers 
eerie as a rest or support for the bartena after the sludge has l>een eon«iimc<f TTie 
sludge and oictflow liquor supply the initial mwhum and the starter for ihesut'soquenl 


* Jhid 

’Bom rr, C ? , and A M BtswEU, Iml. tny Chem , 24: 3.3 (1032). 

‘BeswruL, A, M . C F Bonirr, and C. K Wirsusv, Iml Png Chrm , 24: 
H23 (1032) 
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frrmojitflttons. TJie temperatjirc is maintained at 27 io 20‘’C, TAe dairy ifaste- 
arc fed into the tank slowly during its operation. 

Organic rnaltcr is believed to be broken down to organic acids, such as propioaic 
and acctie acids, by the anaerobic bacteria, which then convert these arirls tomefhsne 
and carbon dioxide, principally. If, during the fermentation, wastes are introduced 
too rapidly, organic acids may necumul.itc at the expense of gas production, ^o 
nndeairnble flora may Urns develop. Accordingly, during the first part of its opera- 
tion, oapeciaf care must bo exercised to favor the production of methane .and carhon 
dioxide and a dosirnblc hactcnal flora in the bank. Should the contents of a tank 
become hour, the rate at which milk wastes are fed should he reduced or even stopped 
for n while. IVhen two tanks are operated in scries, liquor from the normal tank may 
be run into tbc contents of the tank that has become too acid. This practice iisuailv 
restores a normal fcrmonlalion. 


Fiwtt I .<i to 2 4 volwiwcs of gas may be ptoduccil from each tank Yolume per day, 
with no “noticeable” quantity of nltidgo. 

U’astes from Canneries. — Information concerning methods of treating cannery 
wastes may lie obtained by studying Bulletin 2S-h of the Hcse.arch Laboratorj’ of the 
National Canners Association.' 

Additional Information.— The reader desiring det.ailcd infonn.ation ronceming the 
biological, chemical, and engineering aspects of tlJs subject may obtain itbystudjing 
some of tbc excellent texts and articles cited in the following list of references Bus- 
well and Ilatficlil'e publication on “Anaerobic rcrmcntalions” will be found of 
particular value. This publication contains a largo number of reforeners to the 
literature, including patent references, which arc important in this as well as in other 
fields. 

References on Industrial Waste Disposal and Allied Subjects 


DxnoiTT. II. C c “Sewerage and Sewage Treatment,” dth od , John ^^Jley A Son*. 

Inc . New York. 1032, , , rt. xt* 

Donurr, C. S. : Waste Problems in the FermenUtion Industry, Ind Eng. Lhtm . 9i • 
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Bull 32, 15)39. 


31: 1316-1320 (1939). 
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Federation of Sewage Works Associations, “Modem ^-eriage 

FTOLEnf b. 'V., and J. R, MeCniNTorat: "Solvins SawaSa Problems, Med » 

Book Company, Inc., New York, 1926. 
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335 
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effect of calcium carbonate, 325 
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pH, 325 
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use of Jerusalem artichokes for, 328 
use of waste sulphite liquor for, 327 
use of wood sugar for, 327 
use of xylose for, 327, 328 
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formula of, 3S9 
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Aeration rate, effect of on tank fermenta- 
tion (table), 748 
Aeration wheel, 268, 269 
Aerators, 242 
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AerobacUr, 445-448, 452 
.1. aerogenes, 311, 48i>-490, 546, 766, 707, 
791, 792 

fermentation of, 488-496 
medium for starter of, 490 
medium for stock cultures of, 400 
A. perUnovorum, 490 

Afromonas hydrophtla, 488, 480, 512, 513 
fermentation of, 512, 513 
Aerosol, 784 
Aeroaporin, 709 
Acrov aeration candles, 258 
Agarwal, P, N , 251, 252, 205 
Ajsing, of rum, 227, 228 
c>J’Tih«ky,231,232 
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138 
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OS 
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products of hydrolysis of, 08 
uses of hydroiywtes of, 98 
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Amencim cotton, 812 
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837 
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589 

formula of, 290 
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Ammonium Inctalc, 211, 520, 744 
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formul.a of, 325 

Ammonium nitrate. 5.57. .575, 035, 637 
639. 6-12. 610. M-V-OS?, CSl-f.'« 
“45 

Ammonium phosphate. 5.’>7 
dibvic. 327 

Ammonmin rho<)milalc, 794 



868 


industrial microbiology 


Ammonium succinate, 325 Antifoam agent. 2-J5, 253, 255, 257 23S 

Ammonium sulphate, 557, 655, 656, 682 392, 533, 535-537, 731 , 734 74e' 74$ 

Ammonium sulphite, 304, 305 749 751 > > > 

Ammonium tetrathiocyano-diammono- Antifreeze agent, 519 
chromate, 788 Antiseptic, 848 

Amygdalin, 362 Apparatus for growing yeast, 248, 2C7- 

Amyl acetate, 220, 722, 753 272 


Amyl alcohol, 32, 141, 150, 160, 101 
origin of, 160, 161 
Amyl valerate, 229 
«-Amylase, 88 , 89, 176 
5-AmyIase, 88 , 176, 177 
Amylases, 672, 673 
production of, from baetem, 524-531 
agitation method for, 528 
drip method for, 628 
shallow-pan method for, 627 
Waldmann process for, 526 
Walferstein procedure for, 625 
Amylo process, 90 
modihed, 90-92 
Amf/lobacler butyheus, 313 
Amylolytie ensymes, 526 
Amylopectm, 656 
Analyses of malt beverages, 168 
Andersen, A A., 406, 407, 418, 410, 

481 

Anderson, A. K., 697 
Anderson, C, G., 49, 423 
Anderson, H. W., 785 


Apple vinegar, 371 
Apphng, J. ir., 726 
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r-Diketoadipic acid, 596 
formula of, 596 
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(See also Genuine dill pickles; fmita- 
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Ihplococcui pneumoniae, 759 
Dipfoid, 17 
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I>ulcUol, 643, 618 

Dundcr, 227 

Dung batrs, 543 

Dunham, tv. n , 758, 759 

Dunn, C. G . 361, 726, 853, 855 

Dunn, Fit W.Hiam. 72l 
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Eoff process for glycerol, olkali, schedule 
for adding, in, 304 
fermentation in, 303, 30-1 
temperature of, 3&t 
raw materials in, 303 
yeast in, 303 
training of, 303 
yields from, 304 
in brief, 303 
Eras, E., 425 
Erb, N. M., 8S, 00 
Erdin, 607 

ErtTnothenum ashbyit, 285, 280 
Erepsm, 568, 834 
Ergostcrol, 274, 291, 079 
Ericsson, E O., 133, 134 
Erj'thritol, 3S8 
Erytfiroglaucin, 693, 696 
f-Erythrulosc, 389, 390 
formvita of, 380, 399 
production of, 399 
yield of, 309 

Esckenchia coU, 311, 405, 545, 547, 700, 
706, 767, 791, 702 
Estcridration, 421 

Etchells, J, L., 440, 442-448, 451-455, 
4&1 

Etlianol, 3l 1, 352-358. 403, 424, 430. 431. 
488, 491, 492, 499-507, 510, 511, 
513-516, 548. 605 
from cellulose, 99 

production of, by bacteria, 544, 545 
by yeasts, 11^144 
raw materials lor, 114, 115 
(See also Ethyl alcohol) 

Ether, 753, 787, 788, 793, 790 
Ethyl acetate, 223, 229, 697, 722 
Ethyl alcohol, 113-IG6, 312-316, 328, 
329, 336, 337, 341-343, 527, 539, 
541, 562, 597, 650, 653, 657, 658, 
661, 697 

cost of producing, 139 
fermentation of, 113-160 

facts and theories concerning mech- 
anism of, I45-I66 
Neuberg’s scheme, 140, 151, 152 
formulas of important intermediate 
and end products in, 150 
production of, 113-144 
from corn, 127, 128 
flow sheet of. 128 


Ethyl alcohol, production of, from com 
preliminary treatment of corn 
in. 127 

special uses in, 127 
from dehydrated sweet potatoes, 
129-131 

atmospheric cooking of mash in, 
13Q 


saccharification in, 130 
yields from, 131 

government supervision of, 139-W 
purpose of, 139 

from Jerusalem artichokes, 131, 132 
culture of yeast m, 132 
fermentation in, 132 
jnclds from, 132 
mechanism of, 145-145 
references concerning, 162-J66 
from molasses, 115-124, 128 
concentration of sugar in, 117, 119 
details of process of, II6-124 
distillation in, JJ9, 120 
final treatroeni in, ISO 
flow sheet of, 128 
molasses in, 117 
nutrient substances in, 119 
outline of processor, 115, 116 
oxygen tension in, 119 
preparation of starterfor, 116-115 
process of, in detail, II6-120 
pure yeast propagator in, 118 
rapid contbuous process of, 120- 
124 

temperature for, 119 ^ 
time of fermentation in, IlO 
yeast jn, 116 
yields from, 120 
statistics concerning, U4, 116 
from sulphite liquor, 132-135 
collection of sulphite liquor for, 

composition of sulphite liquor for, 

conditionbg of sulphite liquor for, 


/er/nentation in, 135 
final operations m, 135 
flow dwgrarn of, 134 
AJelJe process of, 135 
process of, at Bellingham. 

133-135 


iVash , 
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I'thvl alcohol, production of, statistics 
concerning, pulping process of, 
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separation of j'cast in, 135 
yield from, 135 
from uhcat, 127, 129 
problem of foaming in, 129 
process of, 127 

reco'cry of distillers’ gram and 
solubles in, 120 
from uhey, 124-127 
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12G 

clanfieation of whey m, I2fi 
equipment for, 127 
flow -sheet of, 124 
laetoso-fcrmcnting leasts »n, 12 1, 

125 

pif, 12G 

process of, tn brief, 121 
yields from, 120 
from wood sugars, lSS~{3C 
references concerning, I42-U4, IC2- 
100 

uses of, 142 

Yields of, from sarious raw malcnals, 
139, 140 
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Ethyl mercuric chloride, 830 
Ethyl propionate. 22'1, 482 
Ethyl %alcrnte, 229 
Ethylene chlorhydrm, 047 
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formula of, 3S9 

l-r.th\lche otide ot,0-ilicarboxylic acid, 
OSS 

formula of, f*.SS 
I'th'lene oside gaa, 823 
Killer. 11 \on, 41, 593 
I'.uinirm, 700 

Kinhntion of drxtriniimg activityr of 
rnxituca, 530, 531 

lAaliniion of starch-«icchsnfying ao- 
liMly of enrymea, 530 
Kvan«. U , SO 
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streptojnvcm solutions (fig ), 781 
lAcmal," 278 

Kwrn and Totnlin«on proenw, PS 
»we-«,n n, W, IW. 215 
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Ey-rc, J. V., 823, 824 
Eiekinf, W. N'., 559 
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Farr, W. K., 811 
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Farrell. M. A., 739, 743, 745 
Fat, 272-2S2 
production of, 272 
effect of neclales on, 275 
effect of alkaline phosphates on, 274 
effect of ethyl alcohol on, 275 
effect of OYy genation on, 274, 276 
effect of sodium acetate on, 275 
effect of sodium lactate on, 270 
effect of sodium pyruvate on, 270 
by Endomj/rM rernnh*, 270-278 
by floor process, 277 
by pan process, 277, 278 
raw materials for, 270, 277 
medium for, 2Sl 
from Oat hulls, 270, 2S0 
by OfljpoTtt (OldiKm), 27&-2S0 
data on, 230 

optimum conditions for, 279 
from straw and oat hulls, 279, 
2S0 

by il^oilotonda grnnli*, 2S0. 281 
conditions of, 281 
olr^rvations concerning, 2Sl 
by soil s ea«t. 281, 282 
from straw hulls, 2«9, 2S0 
by yeasts, 272 
recovery of, 278 
“Fat generation," 277 
Faulty beer, 183 

Federal Alcohol Administration Act, 1(17 
Federal Krgistpr, 750, 757 
Federal Pwirity Agency, 751-750 
rcdcToir, M. w . r.2o 
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Fermentation, 5, 6 
definition of, 6 

Fermentation apparatus (fig.), CIO 
large-scale (fig ), 614 
Fermentation tanks (photograpJi), C2C 
Fermentation unit in streptomycin plant 
(fig.). 778 

Fermented malt liquors, 172 
average quantities of materials used for 
1 barrel of, 172 

Fermented milk products, 402-407 
acidophilus milk, 462-4G4 
buttermilks, 465 
kefir, 406 
kumiss, 406 
feben, 467 

references concerning, 407 
yoghurt, 400 

Fermentor, interior view of (fig.), 749 
for submerged culture investigations, 
209 

agitation-aeration assembly of, 270 
modifications of, 273 
side view of foam-breaker discof, 272 
side view (plan) of, 271 
top view of foam-breaker disc of, 271 
top view of stirrer of, 271 
for yeast propagation, 254 

(See also laboratory fermenters for 
yeast propagation) 
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Fembach, A., 315, 631 
Fernbach flasks, 410, 728 
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Feme chloride test for kojic acid, 644 
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FolkeT 3 .K, 70 S, 775 , 787 , 7 S 8 ,i 9 I. 
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FnictoT. 311, 620, 628, 614 . 615. Cl8. 
662, 79."> 
formula of. 389 
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Uypochlorides, 852 
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(See flfw Dill pickles; Genuine diU 
pickles) 
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nitrogen sources, 635 

Pfb 

role of other salt^. 0*30 
tempcmlUTc. 637 

sponilation media m. ‘'l” 
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Itatartaric acid. 612. 613, 6S 

formula of, 681 , M'' 
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enijmes of (table), 563, 568 
general characteristics of the genus 
/{hizopur, 567, 508 
general description of, 553, 555 
genus Ilkitopui, 507, 663 
growth requirements of, 550 
carbon sources, 650 
M.sential elements, 550 
nitrogen sources, 550 
other elements, 550 
identification of, SCO, 501 
important A$ptTgxllt, 561, 565 
important genera of, 501-568 
i«oistion methods of. 558-560 
by agar dilution, 659 
by germination of a single spore, 559 
by flansen method, 560 
by microroanipulstor, 559 
by modification of Keitt single-spore 
mclhotl, 559, 560 
by other methotls, 560 
by picking spores from a single spore 
bead, 559 

tipiil content of, C79-CSI 
inr<ha for growth of, 550-558 
CisjH’kV, 557 
msh, 558 
natural, 553 
llauhn’s, 557 
^ilsiiinvud's, 558 
method of grow th ©f, 555 
npieal, 5.'»5 
intcrcaLary, 555 
piginrnt* of, 5fk3 
t«'b»scr1nrid«-*o( .563 


blolds, products formed by (table), 563 
references concerning, 570, 571 
some mold metabolic products (table), 
562 

sterols of, 503 

subdts'ision of the genus Penm/fitm 
(fig.), 565 
Molitor, H., 769 
MoHct, n. IV , 136, 137 
Molliard, M , 000 
Moljbdcnum, 287, 550, 570 
Molybdenum ions, 036 
5foIybdic acid, 794 
Mon&sco&as'in, 694 
Monascorubrin, 094 
ilfoiuiseus purpureui, 694 
jlfentfKi elbicons, 766 
Jlf Candida, 249 
Jlf.yormosa, CS8 
ilf. pseudotropieatis, 2S4 
Moningo, R , 768 
Monoiodoaectic acid, 148, ICO 
3fon«spord(a, 45 
Jlfenocerfieiffoto, 565, 5CC 
Moore, K , 513 
Moraqucs-Gontalct, V., 149 
Morgan, R. R., 353 
Morgen, R. A., 254, 255 
MoriUwa, K., 301, 307, 670 
Morris, L. E . 822 
Morris, M., 252, 264 
Morns. M. M . 198 
Mother ©f vinegar,” 378 
Moyer, A. J., 579, 607-616. 618-620, 625, 
632-031, 637, 012, 613. 615, Ol't. 619. 
GSO. 001, 720. 720-72'>, 736-741, 743, 
745, 716, 751, 757-759, 763. 761 
Mrnk, E. M , 23. 40 

5fuc«r, ptcxUicUon q( citric acid with. 
SSI. 5S5 

Mwcor Memafit, 692 
M fnucrtlo, 698 
M jnnjormti, 562, 572, 573 
.If rocemnsu*. 697 
St rAuni, 562, 653 
MQnsier eheree, 469—171 
Mulvtimv. M , 332 
Mundrll. M , 758 
Murphy, I) , 583 
Murray , U . 770. 7^'. 791 
Miirtaugh, J , 7.'>3 
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Musselmnn, A., 72t 
•Mustakns, G. C., 517 
Miistarfl oil, 4-18, 419 
Mj’crlium, 553, 592, 681 
“Myccta,” 278 
Mycptin, 712 

yiycohactcrium tuhercxtlosia, 709-715, 760 
793 

Myccxlerma, 452 
M. accti, 372 
.1/. vini, 207, 3&1 
Mycode<triii, 090 
Mycophonolic nci’d, 690, 714 
fomvda of, 690 
Mycotorula lacUa, 2S-1 
.M. lipolyttcn, 250, 252, 258. 200 
MyrbSch, K., 280. 281 

N 

X Odgher ftcy! esters of coinmino formyl 
methyl) pyridinium clilori<Ie, 855 
Nadel, II. G , 703 
Nadaonia, 19, 44 
Nfificli, C., 274 
NaicUe, 2S3 

N’nplithosulphonntc indophcnol, I4S 
Xatlmn, F., 310 

National Cnnners Association, SG2 
National ncscarcli Conned, 700, 707 
National Ilcsearch Council of Canada, 
4SS 

Natural media, 558 

Nature of fats produced by molds, 076- 
6S5 

Needle, II. C , 415 
Neish, A. C., 4S9, 512-516, 519 
Nelson, E. K , 206 
Nelson, G. E N . 538, 632, 633, 639 
Nelson, M E., 423-425 
Nematospora, 45 
Neubers, C , 291, 307, 339, 3S0 
Neuberg ester, 146, 150 
Neuberg’s “first form" of fermentation, 
149 

Neuberg’s scheme, 149, 151, 152 
scheme I, 149 
scheme II, 151 
scheme III, 151, 152 
Neuberg’s "second form’’ of fermenta- 
tion, I51 


Neuberg's “third form” of fermentation 

151 

Ncufclidtcl cheese, 470, 471, 474 
Neutral red, 497 
Neutral red agar, 497 
Nevens, \V. B , 540 
“New and Nonofiicial Remedies,” 463 
461 

New Jerse>' Agricultural ETpenment 
Station, roe, 771 
Newspaper, 665, 067 
use of, in producing mold enzymes, 665, 
607 


Newton, II, P., 99, 12S, 139, 141 
Niacin, 265 
Nickel ions, 630 
Nickerson, W. J., Jr., 45 
Nicols, D. n., 706 
Nicotine, 544 

Nicotinic acid, 282, 388, 408, 508, SS’’ 
Nicotinic acid amide, 324 
Nielsen, J. K., 709 
Nielsen, N., 30, 51, 52 
Nienhuis, A. 1/ , 453 
Nilsson, R., 2S0, 281 
Nitric acid, 577, 035, 637, WO, 642, W7 
Nitrogen Iractions in Street- gnaeva 
cultures (table), 780 
Nitrogen gas, 593, 504 
Noble, \V. M., 251, 252, 2W, 265 
Nocardia caeUaca, 712 
N. gardnen, 7l2 
Nocardme, 712 
Nodder, C. R., 823, 824 
NOllner, C., 477 
Nolle, A- J., 262 
Nopco defoamer, 749 


rd, F. F., 697 
rit, 412, 413, 780 
rman, A. C , 832 

rthem Regional Research f^bomtorj 
94, 129, 483, 632, 633, 642, 722, 7.8 


Nuclease, 568 
Nucleic acid, 283 
Nuclcoproteins, 243 


.,237 

itcnt, 261, 265 
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Nutritive value of food yeast, vitamras 
of B complex, 2G5 
Nylon, 809 

O 

Oak board infested with powder-post 
beetles (fig.), 8^0 
Oats, 531 
Ochracin, 694 
Octadecanol, 2S5, 749 
in lard oil, 2S5, 731,749 
Octadecyl alcohol, 392, 397, 53G, 658 
OITicc of Scientific Research and Develop- 
ment, 722 

O’Flaherty, F., M3, 676 
Ohlmeyer, P , 41 
Ohmer, H. B , 451, 452 
Oldium India, 249, 252, 263, 272, 27S-2S0 
Oleic acid, 533, 535, 670, 678, G79 
Olive, T. R., 410, 420 
Olive oil, 280, 550 
Oliver pressure filters, 779, 780 
photo of, 779 
Olives, 45<M59 
pickl«l, 455-459 
varieties for pickled, 450 
Ascohno, 456, 458 
Baroiinl, 456, 457 
Manzanillo, 4SC-45S 
Mission, 456-458 
Scvillano, 450 
Ol*on, II. H , 490, 750-752 
01«on, \Y. J., 80 
Omclian«ky, 539 
O’Neill, 11. T., CSl, 6S2 
(Oh/ium). 820 
fat pro<luctioti by, 278-2S0 
O. nurantia, G92, C‘U 
0 iraHroth, 279 
O'Mjmrin, C'U 
OrU-Jcn«et,, 8 , 407, 477 
Ormamly, \V U.. 100 
Orr-EviinK. J , 721 
Or>-, n. M., 721 
OryzNrtie, r .61 

si^nniltforn. 190 

Oxlnim. O. u. 361 sr.a. 360, 36S 
r.. r..7S't 
K.. 605 

OinitVaya. L. K., 576 


Ossart, E., 319 
Osterberg, A. E , 724 
Oswald, E. J., 709 
Othmer, D. F, 517 
Otto, N C., 407 
Owen, IV. L., 00 
Oxalacctic acid, 506 

Oxalic acid. 572, 579. 5S4, 591. 641, f42, 
M7.690 
formula of, 690 

Oxford, A. E., 632. 6-11, GS7, 6S8, 693- 
695, 690 
Oxford unit, 756 
Oxidase, 381, 607 
Oxidases, 543 

Oxidation-reduction index, 366 
Oxidizing activities of /’«ei;[/omOTia« spe- 
cies, 533-538 

bionic acids production in, 537, 538 
glueomc acid produetbn in, 533, 53i 
<r-kctog1uUnc acid production in, 530 
<f-2-kctogluconic acid protluction in, 
534-530 

pentome acids pTX>duction m, 537 
Oxidoreductase, 159 
Oxphcnszine, 709 

P 

PocnfomyccJ direncalum, 502. 573 

r vonoti, 6SD, CSl 

Paine, T V , 770, 789, 70 1 

PnWtcfulnc's, 176 

l^lmitic acid, 274, C7C, 078, 079 

Pan, S C.. 419, 120 

Pan, COS 

roatemls for ron«tnictinn of. f^VS 
Panrrras, 2SG 

Pancreatic digest of r.ascm, 760, 792 
Pan^y. 1' K . 7.'>S. 7'i2 
ISntothenic acid. 50. 265. 2S2. 290, 321. 
3.88. 408, sas. S'.') 
formula of, 290 
Dirasaccharmic acid. 595 
Pnrmele, II. B . 432. 431 
Partne^n clir«''e, 470. 471, 474 
I'amaa, J. K , IfO 
Pa-»ternack. 11 . 400 
Paxteur. 1. , \ 45. 312. 372. 375. 401 
J'aitfvrtiio fulfil, 760 
Pasteurization, 451. 422 
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Pasteurization, of pickles, 461, 452 
Patterson, A. M., 847, 8-18 
Patulin, 713 

Pavcck, P. I.., 24G, 247, 283 
Peanut cakes, 52S 
Peanut hulls, 323 
Peanut oil, 28G 
Pearl, I. A., 72G 
Pearson, L. K., G77 
Peck, II. L., 768, 775, 787, 788, 703 
Pockham, G. T., Jr., 408 
Pectinase, G72, 673, 835 
Pectinohaeier ajnylophjlum, 825 
Pederson, C. S., 405, 407, 430-134, 615 
Pediocoecui damnosus, 183 
Peel, E. W., 7G8 
Pellet inoculums, 738 
Pellets, 729 
Pellicle, 527, 528 
Peltier, G. L., 525, 527 
Pcnetrinic acid, 094 
Penicidin, 714 
Penlcillic acid, 714, 090 
formulas of, COO 
PenicUlln, 714, 720-700 
assay chart for, 754, 755 
assaying of, 75(>'7G4 
chemical structure of (table), 725 
crude, stabilizing influence of phos- 
phate on, 723 

diseases against which effective, 705, 
7C6 

fermentation, 746-751 
biochemistry of, 751 
conditions of, 746-751 
aeration, 747, 748 
agitation, 748 
antifoam agents, 748, 749 
pH, 746, 747 
pressure, 748 

prevention of contamination, 751 
temperature, 746 
historical, 720-722 

wartime developments of, 722 
organisms against which cfTcctive, 765, 
766 

production of, 726-751 
efl'ect of aeration and agitation on 
(table), 732 

inoculation methods for, 733 


Penicillin, production of, molds used for 
734-736 ’ 

information concerning (table) 
735, 73G 

raw materials for, 733-745 
calcium carbonate, 745 
Carbon sources, 739 
corn-stecp liquor, 741, 742 
cottonseed meal, 742, 743 
mineral sources, 739-741 
nitrogen sources, 739 
phcnylacetic acid derivatives, 743- 
745 

sponilation media for, 737-738 
used by Poster and coworkers, 73S 
used by KofBer and associates, 737 
used by Moyer and Coghill, 737 
submerged-culture methods for, 72S 
commercial, 731 
laboratory, 728, 729 
medium for, 729, 732 
pilot-plant, 72(^731 
surface-culture metboda for, 727, 728 
commercial, 727, 728 
bboratory, 727 
media for, 727 
synthetic media for, 745, 746 
properties of, 722, 723 
recovery of, 751-753, 756 
references concerning, 798-SW 
relative effectiveness of different types 
of, 724 

stabilizing influence of phosphate on 
crude, 723 

testing and assaying of, 756-764 
cylinder-plate method of, 760-763 
assay, 762, 763 
culture media, 760, 767 
Cj'lmdc'-s, 761 

estirnition of potency end error, 


763 

petri dishes, 761 
preparation of plates, 761, 762 
preparation of sample, 762 
test organism, 760 
working standard, 761 
!Cnal dilution method of, 763, 7W 
les of, 723-725 
its of, 756 

s of, in medicine, 765, 766 
Ids of, 7S1. 752 
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Penicillin, jnelds of, summary of (table), 
752 

rcnicillm V. 724, 725 
formuU of, 725 

PeniciUm G, 724, 725, 743, 744 
formula of, 725 
PeniciUm K, 724-726 
formula of, 725 

PeniciUm X, 724-726, 735, 757 
formula of, 725 
production of, 731 
PeniciUm ointment, 757, 765 
Fenicillm-proccss flow diagram (fig), 
733 

Penicillin troches, 757, 765 
Penicillinase, 722 
PeniciUms, 70S 
Pcnicilliopsin, C04 
PenieiUiopsis c/aiarfaejurniu, 604 
Penfoniiim 511, 536 
ren/oUium ouro»iteo-5rtmneum, 662, 079, 
fiSO 

lipids of, 079 

P. auronlio-ttrent, C9l, 718 
P. btalmncrrenic, OSl 
P. breftUlianum, 088 
P. brmcauU, COS, 700 
P bfm-fompflrtufn, 6S7, 000, 714 
P. camtmberU, 502, 6C8 
P. capTtohnum, GOO 
/' carrTUrte-wofacrMTn, 092 
/’ chorfrsn, 566, 0S7. O'^O, 095. 090 
P. chrvtogtnttm. 502, COS 011, GGl. CSO, 
GS8, 092 

P. cAry*og«num Demeric X-I612, 742 
P fhrynogenum Mmn. 9-SS261, 735 
/’. cfiryjoc^nijm NRRL 1961.B25, 732. 

735, 736, 743. 740, 750 
P. <Jin,*t.sjffium NRia 1984, 735 
P fArv»oj;/.nim NRRL 1984.A, 735 
P. ffcrysojfnum NRRL 1984 N22, 731. 
735 

P. fArv»(>i;rnum Stanford 25099, 73.'> 

P. cArv»aj 7 >TiuTn Vflsconsm Q176, 731, 
732. 730, 742, 743. 740. 750 
P cArv'ojcnr.m X.1612. 732, 735, 741. 

742. 74.'), 746. 750 
P. nfreo-roirum, 061 
P cifnnum, 5<'i2. r,73, GSl. r.'»2, 713 
P. (tariforme, 713 


P cTotertforme, 091 
P. cyan<o-/ufimm, CSO 
P. cyaneum, CSO 
P. eycfapfiim, 690, 691 
P, daltae, 6-15 
P. digttatum, 560, 507, 007 
P. tfirartcofum, 836 
P. eirpanaum, 507, 690. 713 
P.fiafocineriun, C81 
P. /Teruojufn, 088, 6DG 
P.funtculotum, CS9 
P gfacfioft, 714 
P. gfaucum, 670 

P. gn'*fe»/ulrufn, 562, 626, OSS, COO, 095, 
099 

P Airsulum, OSl 
P ifaficnm, 506. 507 
P jacanieum, 502 

P joronifwm van Beijma, 077, 681-083 
fat pnxluction bv, r>8l-CS3 
effe^t of vnrMnR pl'rwvc concentra' 
lion on <lal)lcl, 0S2 
mwlLa used (or (tahle), 683 
lipids of, 677, 078 
P jensmi. 714 
P fic/eMm, 572. 573. COO 
P. Iufeum»p«fpiirericniifn, 600, COS, CIO 
P tninio-fiifeum, 6'>0, 091 
P fWfafHm. 091, 71R, ?11>, 726, 72S, 741 
P tuXafum 1.49.B4,73I 
P nofofum NRRL 624, 740 
r fiomiuin NRRL 832, 732. 730. 740, 742. 
743, 750 

P n«t(a(nm NRRL 832.AS, 73.*i 
P nofatum NRRL 1249.B21, 720. 72S. 

731 -736, 740. 743 
P ««4afi.m NRRL 1950, 736 
P nofatiim Westling, 736 
P nofalom Westling (NRRL 833), 72S, 

P TuXafuBi-cAryinjrTi’iT’i group, 714, 718, 
*23, 727. 731, 736 
P. of'WMrMiu fiioiirpe, 714 
P oxaNrum, OSl 
P i-alulum. r.')9, 713 
P 566 

P pi»ra»«Pi, OSl 
P pwhcn,|4m. OnO. 091. 714. 715 
P purpuroyrn»rt. .W>2 
P purpijroyy-nue \nl ruhruf/rrt^ium, 
007. C90 



904 


INDVSTRLIL UtCBOBIOLOGY 


P. roqueforti, 472, 473, 562, 681 
P. ruhrum, 094 
P. 696 

P. sderotionm, 696 
P. sopp!, 6Sl 

P. spicuhsporum, 689, 091 
P. spimilosum, 506, 699, 7l5 
P- slipilalum, 691 
P tardum, 715 
P. ten-estre, 691, 714 ' 

P. vanabtle, 696 
P. vanens, 690 
P. viniferumy CSS 

PenicillitJtn strains, analytical comparison 
of (fig ), 750 
PeniciJlus, 566, 718 
Pentophora. 834 
Pentachlorophenol, 836 
Pcnton, 264 

Pentonic acids, 537, 538 
d-arabonic acid, 537, 538 
1-arabonic acid, 537, 538 
(/•nbonfc acid, 537, 538 
d-xylonio acid, 537, 538 
Pentosan hydrolysis, 05 
Pentoses, 645 
Peptidases. 073 

Peptone, 337, 302, 556, 558. 012, 655, 656, 
737, 760, 761, 703, 772, 785 
Peptonization, 174 
Peplonizers, 442 
Percentage feeder, 007 
Periodic acid, 519, 598 
Periodicals on textile microbiology and 
the textile industry, 827, 828 
Peritheeia, 561 

Perlman, D , 493^95, 576, 581, 586, 587, 
591, 505, 726, 742, 745 
Perquin, L H. C., 586 
Perrier, A , 595 


Potereon, IV. II, 246, !47, 251-25S, tST, 
2M, 283, 314, 318, 31S, 321-324, S2j’ 
330, 332-334, 336-338, 353-336,361, 
303, 304, 307, 308, 388, 405, 407, 408, 
416, 417, 410, 420, 423, 429, 433, 434,’ 
478-180, 483, SCO, 681, 035, 66l| 
C78-0S0, 083, 084, 720, 741, 743, 744 
Pelricola, 842 
Pett, L B., 483 
Pettijohn, 0, G., 38, 48(M93 
PcjTos, E , 577 

pll, 177, 251, m, 407, 418, 532. 574-577, 
589, 636, 637, 639, 640, CIO, 082, 727, 
743, 746, 747, 751, 796 
pll recorder-controller, 305 
Phaff, H V., 23 
Pliagocytosia, 722 
Phenol, CCS 
Plienol coefficient, 849 
calculation of, 849 
definition of, 849 
Phenol cocfTicicnt test, 849. 850 
limitations o!, 849 
procedure in, 849, 850 
Phenols, 852 

and related compound?, 848 
Phcnj'Jacctamidc, 743-745 
Plicnylacetic acid, 723, 741-746 
Phenylacctw acid derivatives, 743-745 
effect of, on penicillin prodiictjon 
(table), 744 
Plicnylabtnmc, 32 
Phenylcthyl alcoliol, 32 
Phcnylethylaminc, 743-745 
o-Phenylphenol, 830 
Phillips, G. E., 205 
Phillips, J. F , 332 
Phillips, Af, 832 
Phlobaphcne, I79 
Phocniem 'lOl 
formuh of, 094 


Persea grati$stma, 305 
Perseitol, 389 
formula of, 389 
Perseulose, 389, 395, 396 
fermentation, 395, 396 
formula of, 389, 395 
Porsoon, 372 

Pervozvanskii, V. V., 534 
Peters, B. A., 265 
Peterson, E., 758 


842 

hottt, 834 

sphate buffer, 526, ^63, 7M 

,55, 

iosp6og!j-cen= and, IW 
iSoglyccnc anO, 150, 151, ISO- 
.pSpJJSnc anJ, 150, I5«56, 
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I’hosplionc acid, 150, 15S, ICO, 631, C4^ 
616, 683, 753 

1’hospliorjlation-dcphospliorj lation reac- 
tions, 157-159 
Plio^photungstic acid, 7SS 
riiotoclcctric colorimeter, 762 
Phthiocol, 709 

I’hycomyces hlakeiceanxia, 692 
I’hycomyeetet, 553-556 
Physcion, 691, 696 
formula of, 694 
Ph>ta«o, 174 

Ph^'tochomieal reduction, 42 
PAt/tomonas bc^oniae, 533 
/’AyJo camprstn's, 533 
Phyto forona/acicns, 533 
Phyto. michiganenae, 533 
Phylo, tlevarti, 533 
PAyfo itrifl/onens, 533 
Phylo tynnyne, 533 
Phyto tumffanrns, 533 
Piancsc Illb stain, 817 
i’icfiia, 24, 44, 453 
PicUod green olives, 455-459 
packaging of, 45S, 459 
production of, 455-459 
brine treatment of Ive-trentnl olives 
during, 45S 

fermentation of IvMreatei! olives 
during, 457. 458 
grading of oliv es for, 4 56 
Imrvevtmg of olives (or. 406 
selection of suitable varieties of 
olives (or, 4.50 

vvnsliing of lye-tre.vteil olivi-s <bm»g. 
456. 4.57 
Pickles, 43n. 461 
ehwification of, -IS'*, 410, 45.) 
dill, 439 
sour, 439 
sueet, 110 

control of snim during mmiifnctiire of. 
41R. 410 

nieumt>ers u«e.l for. 410 
grailing of, 410 

mieroliioloRievl ex.inumtion of. 4.53- 
455 

instnirufttion of, 451. 4*2 
I'rrliniiMsry steps m luanufartutt* of, 
4t0 4tl 

prcpsrstion of. 4l‘>-t',) 


tickets, preparation of, bread-and-butter 
pickles, 451 

genuine dill pickles, 449, 450 
imitation dill pickles, 450 
ICo«her dill pickles, 451 
salt pickles, 449 
sour pickles, 449 
sneet piektcs, 450, 451 
processing of, 449 
references eoncerning, 450-561 
salting of encumbers during ni.anuf.ie- 
tiire of, 441-tl4 
spoilage of, 452, 453 
water for, 441 
Pienc acid, 7RS 
Piersma, H D , 286 
Pigments, 602-697 
formulas of {table). 092-6''3 
Pilot-plant fermentor, 614-010 
description of, CH-C16 
photograph of, 014 
Pimebe acid, 324 
Pineapple cheese, 470, 471, 473 
Pink sauerkraut, 431 
Pitching the wort, ISO 
Hans of l.aboratory-sralc fermentor, 26S 
Master of Paris bloek, 22 
riate-nf'd-frome filter press, “53 
nale-aml-frame prets, 7S2 
Plfflrtiltum prrlttunxrrum, 625 
PU iT9lu$, 831 
Plow, u 11 . 100 
Polulssea, 82, 83 
Polhnl. II b. 531, 532 
Polotskv, j\ , 595 
Polvmvjun, 700 
Polvporin, 714 
PotgfMrtt*. 831 
P htformit, 713 
P •rfcimni(;ii. 83.) 

/•o/irs|irtns •nnjmnrus. 714 
Pi4yrrrUnU<\ta'»’jnmrtr\fa, 565, 566 
Polvivme .565,661 
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ft^cTUal, 555 
sexual, 555 

Sporogencs growth factor, 324 
•SporofneAum, 811 
Sponilallon media, 737, 738 
Sporufation medium for molds, 612 
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extraction units (fig.)i 780 
fermentation, 77S-780 
formula of, 769 
historical, 766, 775, 778 
hydrochloride, 775, 788 
inactivation of, 791, 792 
methods of assay of, 789-791 
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783 

organisms against which effective, 7C6, 
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production of, 770-784 
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effect of chemical agents on, 791, 792 
effect of corn-steep ash on, 774 
effect of pH on, 701, 792 
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flow sheet of (figJ, 770, 777 
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medium of Waksman and Schatz for, 
772 

organisms used for, 770-771 
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783, 784 

raw materials for, 771-775 
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solvent precipitation of, 782, 783 
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739, 791, 795 
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252-255, 327 
composition of, 133 
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neutralization of, 254 
steam-stripping of, 133 
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400, 557, 612, 615, 618 
formula of, 3‘)0 
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Teredo, 842, 843 
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Tcrrcatrie acid, COl 
forrouha of. 601 
Terrome. L F , 077 

Testing and aa».a\ mg poniciltm. 766- 761 
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Tctrachloropbenol. 830 
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revolving generators, 383 
nature of raw materials used for pro- 
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references concerning, 400, 40l, 403 


Vinegar, selection of raicroorganisins for 
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\Tnegar cels, 383, 384 
Vinegar flies, 384 
Violacein, 710 
^^olet red bile agar, 454 
Viridin, 7J5 
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lindner method for, 28 
rnicromnnipulator method for, 28 
media of, 37, 38 
metachromatic granules, 13 
nitrogen assimilation by, effect of %ita- 
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